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Great-Britain and Jreland. .- 


GENTLEMEN, | 
HIS Book was firft written by Mr. Jobn Seller, and 
very much Enlarged by Mr. John Colfon, deceas’d, 
awvho taught Navigation for many Years in London, and has 


been much efteemed by the Lovers of the Art of Navigation, — 


as has appeared by the many Impreffions fold off. And being 
informed that there were very many and confiderable Errors 


in it, occasioned by often Printing, and that the whole want- 


ed a Revife, I have therefore bad it overlook d, corrected, 
and amended, and added what was defective; and renewed 
the Tables, which by Length of Time were worn out; and for 
the Tables of Logarithms, Sines, and Tangents, there has 
been [uch great Care and Pains taken in correcting and 
amending them, that Imay juftly recommend them, as the 
moft Gorreét extant. All which we hope will oblige the 
ingenious Mariner, and encourage the Learner of the Art of 
Navigation, into whofe Hands it foall come. 
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On the Pradical Navigation of my very good Friend the Author. 
Y OUR Book (kind Sir) Ihave perus’d, and find 
Rich Arguments of an ingenious Mind ; 1 
That for our good your Talent will not hide, ’ 
But build a Light-boufe Mariners to guide. __ 
What others have in mighty Volumnsdone, 
You nearly here have concluded allinene; . 
Yet is your Book to no great Volumn grown, 
Tho’ grac’d with large Additions of your own. 
For me to praife your Work, might be my blame, 
Fearing my Meannefs might difpraife the fame ; 
You want not learned Pens, in lofty Verfe, 
Your well-deferving Praifes to rehearfe. 
Mean Artifts, Men Obfcure (and fuch am F) 
Ought t’with and pray for your Profperity. 
Yet roufe for (once) my humble Mufe, and let 
- The Country-Oake Pipe drown the Flajelet ; _ 
And ’tis but fitting (fith your Pains in this ; 
To City and to Country ufeful is) » 
That City Poetry and Country Lays 
With joint Confent fhould eccho forth your Praife, y 
Who doth perufe your Work, fhall furely find, 
The Subject handled well, and well defien’d. 
You much have done in little: Here we find, 
What in this Art may pleafe a curious Mind, 
The Longitude excepted; but if we | -. 
Your Rules obfeve, obtained it may be . 
For ufe fufficient ; but the fame to get, 
With certainty, is not difcovered yet. 
Which rare Performance, if that any can 
_ Make plainly out, I with you te the Man. : 
But ftay,, my Mufe, be fhort and not forude; 
Fl only with you well and fo cenclude. 
May thefe your Labours (as they profit all) 
/Vurnto your profit and your good withal. 
May no bafe Plagiary arrogate 
That to himfelf, which you by pains have got. 
_- May never Englifh-man be fo unkind, 
— *Mr. Weights (As famous * Wright, and reverend + Ward do find) 
Chart afcrib'd "T’ afcribe to Strangers, what you have fet forth, 
to Mer cator. Detracting fo from their and your true Worth, 
¢ Dr. Ward ‘May youencourag’d be, as Reafon is 
5 ibe ‘To publifh more fuch ufeful Works as this ; 
TA oa May you be happy ever in the End: 


Eli ; 
Sedieed. : hus prays your humble Servant and your Friend. 
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Praéical Navigation. 


| Ce AGP ae T 
A Preliminary Difcourfe of Navigation and Arithmetick. 


SECT. I. Ofthe Preliminary Difcour/eé of Navigation. 

eeen| AV IGATION (that ofeful Part of the Mathematicks ) 

3 Z2231 is a Science which has been highly valued by the Ancients, 
| cfpecially by our Anceftors of this Ifland 5 1¢ being indeed 

‘at the Peauty’and Bulwark of Eng/and, the Wall and Wealth 

wat} of Britain, and the Bridge that joins it to the Univerfe, 


It confifts of two general Parts, ' 

Firft, “That which may be called the Domeflick, or more common Ng= 
vigation, (1 mean coating or failing along the Shore.) This Part em- 
' ploys the Mariner’s Compa/s and Lead, as the chief Inftruments 5 and tor 
an Introduction of this kind, I refer you to the Books, entituled, The 
Englifo Pilct, defcribing the Sea-Coatts, Capes, Soundings, Sands, Rocks, 
and Dangers; the Bays, Roads, Harbours, Rivers, and Ports, in moft 
of the known Parts ofthe World: Being furnifbed with new and exaé 
Draughts and Defcriptions, colle&ed from the Experience of divers of our- 
Able Navigators, Sold by Mefl. Mount and Page on Lower-Hill, 

Secondly, “That which may more properly bear the N ame, and princi- 
_ pally deterves to be entituled, The Art of Navigation, is that Part which 
guides the Ship in her Courfe through the immenfe Ocean, to any Part 
of the known World; which cannot be done unlefs it be determined in 
what place the Ship is at alltimes, both in refpe@ of Latitade and Lon- 
gitude: this being the principal Care of a Navigator, and the Mafter= 
Piece of Nautical Science. Y ar Pe 

To the commendable Accomplifhment of which Knowledge, thefe 
four Things are fubordinate Requifites : | 

Arithietick, 
Viz. \ Geometry, 
) Trigonometry and 

Afironomy, 


wr 


t 


oe . Of Numeration. ‘ 
Of the firft of which (namely 4rithmetick ) I fhall give you a brief 


Specimen. | 
Grithmetick is the Art of Numbering, from the Greek Word Arithmos, 


which fignifies Number ; and init there are five efpecial Parts, viz. Nu- 
meration, Addition, Subsracion, Multiplication, and Divifon, Ot which 


in order. ‘aa 
SECT HM, OF NOME RATION. 


\ Umeration teaches how to fet down any Number fpoken or propos 
fed ; and to read it truly when Written. | 

To which purpofe you aretoobferve, That Numbers are commonly 

exprefied by thefe Nine Figures. coe 


fe ee ene Ci 
Oue, Two, Three, Four, Five, Six, Seven, Eight, Nine, ia 
And 0 which is called a Cypher (and by fome a Nought) becaufe of ~ 
it {elf it fignifies nothing, yet increafes the Value of other Figures that: 
ftand behind it; for every Figure augmentsits proper Va'ue according to 
the place it happens in, except the firit:. and are reckoned fronrthe right 
hand unto the leit (and the Keafon is, becaufe thisArt of Numbering was. 
firf taught by the Oriéntal Nations, whofe Languages are read that way) 
fo that the Figure that flands fartheft to the right-hand, ts faid to be in ; 
the firft Place, the next to thatto be inthe fecond Place, and fo of the reit, - 
Any of the nine Figures in the firft Place fignifies only its fingle Value; 
in the fecond Place,as many Tens asits own iimple Value ; and the third 
place, fo many Hundreds; in the fourth Place, fo many ‘Vhonfands3 in 
the fifth Place, fo many ten Thoufands; in the-fixth Place, fo many 
Hundred Thoufands ; and in the feven Place, fo many Millions ; as. 
may appear in this following Table. er ts 
Units 7 Won IMO RD 
eens mock ont MNO NCO 


Hundreds mV ements Soa 

Thoufands pea) pea oe Phe 

Ten Thoufands “tov 
' Hundred Thoufands = 9 OT. 
Millions maces 

Ten Millions os 

Handred Milltons’ 

The laft Line of this Table is thus read, One hundred twenty three 
Millions, four Hundred vi fix thoufand, feven hundred eighty nel 


* 


To be read this way, 


oe OF Addition. 


SEG) .11 Of ADDITION, 
A Ddition is the putting together of two or more Numbers into one 
f-% Sum, fo that the total Value of them all may be difcovered, 
py Example 1. Ia hole Numbers. 

Suppofe there were a Squadron of Men of War of five Ships, I demand 
(according tothe quantity of Men in each Ship) how many Men there 
is inthe whole Squadron? | 

Aboard of the biggeft Ship there are ——---——~ 


a ey, Se eee 


Aboard another, ==————__-+_ $+ —— 450 


Aboard. another, ——_—- —— —_-. +-—__ _—_- > 762 | 


Abcard another, —-—- ——- -—_—- —__—- + -—— 78 
Aboard the lait, ——-—— 
There are in the Squadron =1700 
To add thefe together, begin at the firft Row on the Right-hand, and 
fay 8 and 2 is 10, iet down O under the firft; then I carry the 1 (which 
fiands for 10) to the next Row, and fay 1 and I is 2, and 7 Is 9, and 
6 is 15, and 51s 20, then fet down ounder the fecond Row, and carry 
the 2, which is 20, to the next Row; and fay 2 and-1 ts 3, anda is 5, 
and 3 is 8, and 4 is 12, and 5is 175 which 17 fet down under the third 
Row, and the Sum is 1709, the Number of Men in the whole Squadron. 
Example 2. Of Pounds, Shillings, Penge. 
Now if you would know how much Moncy all the Captains Pay 
comes to for one Month. a 
Suppofe that the Captainof the greateft Ship hath 2 5 @, 
per Month. —— nes 
"i he Captain of the other, » 08 —-10—00 
The Captain oi the other, ——-—_—— >= —_- __~ 07 = 10——00 
‘The Captain of the other, ———-—~-—~----- -06——10——~00 
The Captain of the laft ———. —___________+___0 5-09-09 
. ; Bite Nt TO! Oe 
The Queftion is, How much Money it amounts to. yh 5s: wv. 
Jor 1 Month? Anfwer. 
To efieé& which you muft begin at the Row of Pence, and fecing there 
it no Pence in the whcle Row, you muft fet down 00 under the Row of 


ee rie 


— 
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Pence. ‘Then proceed to the Row of Shillings, and add up the Shillings 


in that Row, which amountsto 30 Shillings, fet down the 10 Shillings 
under the Kow of Shillings, and carry the 20 Shillings, or t Pound, to 


the Row of Pounds, and fay 1 and 5 is6, and 6 is 12, and 7 is 19, and 


$ is 27, and 10 is 37, Which 37 fet down under the Row of Pounds; 
and the whole Sum amounts to Lhirty feven Pounds, Ten Shillings, the 


Sum of all the Captains Pay for one Month. B2 SE GA. 


bl 


fe SECT. IV. Of SUBTRACTION. a a 


ii et kate (commonly called Sub/tragion ) is a Rule that teaches how 
FE to take any leficr Number out of a greater, fo as to know how much 
remains, 

1. Set down your greater Number, and under that your fmaller, Units 
under Units, ‘Fens under Tens, £8¢. and in Money each Denomination 
anfwering toits kind, as Pence under Pence, and Shillings under Shillings, 
and Pounds under Pounds, . 

2. Draw a Line under them, and begin at the Right-hand, and take 
the leffer Number out of the greater, and fet down what remains under 
the Line. 

3. Ifany Figure of the fmaller Number happen to be bigger than that 
over it, then you muft borrow a Unit from the next Place, or higher De= 
nomination, to be added to the leffer Figure, fubtracting from that Sum, 
and fubfcribe the Remainder; which Unit muft be added to the next 
Place, or Denomination to be fubtracted ;, as will appear in the Example 


following. 


Example. Re 9, %, 
Suppofe I borrow a 296 —1 0G - 
And I paid at feveral Times -——-———_--—__-——--—__ 12 S17 2404s 


‘There remains due 170—1§$—o2 
The Work is thus performed: Begin with the Row of Pence, and fay, 
4 from 6 and there remains 2; then go to the Row of Shillings, and fay 
| -17from 151 cannot take, then you muft borrow 20 Shillings from the 
» . Row of Pounds, and fay 17 from 35, and there remains 18, which 18 
fet under the Row of Shillings: ‘Then proceed to the Row of Pounds, 
and fay, 1 that I borrowed and § is 6, 6 from 6 there remains.o, which | 
o fet under the firft Row of Pounds; and proceed to the next, and fay,. 
2 from gand there remains 7, which 7 fet under the fecond Row, and 
proceed tothe third Row, and fay 1 from 2 and there remains 1; then 
is the Queftion finifhed, and there remains 170/. 18 5, 24. unpaid, 
And the Queftion ftand thus, coe 


ESTIMATES NO SECT CD 


Now to prove whether the Queftion is truly — 296 —1 5-06 
wrought, add the Remainder and the low- 125 —17-—o4. 
er Number together ; and if the Total of 170—18—o2 
that Addition be the fame with the upper 2061 506 


Number then is the Work right. 
ra SECT, | 


: | Of Multiplication. us | 
SECT. V. Of MULTIPLICATION. 


Wy ‘Ultiplication teaches how to increafe the greater oftwo Numbers 
LVL given, as often as there are Units in the lefler, and ferves in- 
ftead of many Additions. | , 
~~ 2, In Multiplication there are three Parts. 

1. The Multiplicand, or Number to be multiplied. 

9, The Multiplier, or Number by which it is multiplied. 

3. The Product made by the Multiplication. 


792 Multiplicand 


Exampe. 32 Multiplier 
1534. ‘ 
Before you can make any Progrefsin this Rule 2376 __ 


_ you muft perfectly get the following ‘Table 95 344 Product 
by Heart. 
; Muitiplication Table. 


— ae 


7\819[ 
Ore Set 0 


12 


14 {16 


i8 
ase s 


tr le [oo |e |= fm 


5130 35 40 45 
0136 142° 148 Is 
(28 135 142 149. 56 63 4 
[24 [32.40 [48 |56 [6472 | 
eS te T9045 154.103, 7 OM 
The Ufe of the foregoing Lable, 

Note, That on the Top and left Side are placed the 9 Digits, which 
are tobe multiplied one by another, and in. the commou Angle of meet- 
ing you willhave the Product. | 5 | 

Example, Suppofe I would maltiplicd 7 times 9; look on the left fide 
ofthe Table for 7, and on the top of the Table for 9, and in the Angle 
ef meeting (in the Column next the right Hand) you will find 63, the 

_  Anfwer of the Queftion. : 
1“ ie Dueftion i. 

Suppofe there are 1700 private Seamen in a 
they have 23 Shillings per Month; How much Money will pay ce 

or 
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So eee Of Divifion. ee 
- for one Month? Set your Numbers thus: the greater Number uppermok 
| 17co Multiplicand, ae Me 
23 Multiplier, : 
51CO ay. 
_-3400 bee | 

39100 Shillings ; the Anfwer of the Queftion. 
The Numbers being placed, asis before directed, begin thus, arid fay, 
§ times O iso, fet that under the 3, and proceed to the next Figure in 
the Multiplicand, and fay again 3 times Cis O; then fet that o under 
the 2, and proceed to the nextjand fay 3 times 7 is 215 fet down 1 
under the 7, and bear 2 in mind, and proceed to the next Figure in the 
Multiplicand, and fay-3 times 1 is 3, and 2that I carry is 5, fet that 
down under the 43 then have you done with the firft Produ&. Then go 
to the next Figure inthe Multiplier, and proceed as you did before, and 
the fecond Product willbe 3400 which muft be fet down under the other, 
only with this Caution, to move it one place more to the Jeft Hand, as 
ycu may fee inthe Work; then add thofe two Numbers together, and 
the Product will be 39100, which are Shillings, the whole Sum of Was 

ges for 1700 Men for one Month. | . - 


Example 2, 235 
in 235 Degrees, how many Minutes? 60 
Multiply the Degrees by 60, the ——— 
Number of Minutes in one Degree. 14100 Minutes 


Note, For a Contra@ion in this Rule, if any Number is given to be 
multiplied, by 10, 100, or 1000, it is but adding fo many Cyphers to 

the Number given, and that will be the Product. As thus, 

If 232 be multiplied by 10, it will produce 23203 by 100, 23200; 
by 1000, it will be 232000, &c. 

Or, ifany Number be given to be multiplied by 20, 30, 6c0, 5000, €8¢. 
multiply only by the Figures, and add as many Cyphers to your Product 
on the Right-hand as there is in the Multiplier, the Sum ts the Product, 

Thus 257 multiplied by 7co, the Product is 179900, Ee, 

SECT. VI. Of DIVISION. 7 

\, [vifion teacheth to find how many times a leffer Number is contain- 
4 ed in a greater, and fheweth what remains, fupplying the ufe of 
| many Subtractions, it confifts of three Parts, Dividend, Divifor and 
Quotient. ‘The Dividend isthe Number to be divided, ‘The Diviforis 
the Number to divide by, which is always lefler than the Dividend: | 
The Quotient is the Sum produced, by fhewing how many times the — 
Divifor is contained in the Dividend: And if any thing happen to re- © 
main, it is called the Remainder, Example 


OF Drvifion. 
Example 1, 

To divide 250 by 4, how much is the Quotient ? 

Pirft, Set down the Dividend 250, at each end 4)2.50(62 


o 


of which make a Scratch; as you fee in the Mar- 24 
gin. Then on the Left-hand fet the Divifor 4 (the ee Fee: 
oeratch onthe Right-hand being for the Quotient) a 


then (becaufe I cannot have the Divifor 4 in the 
-firft igure of the Dividend 2) fay how oft 4 in 
25, which becaunfe there is 6 times, fet 6 in the Quotient, and fay 6 
times 4 is 24, which fee down under the 25 in the Dividend, and by 
the common Rules of SubtraSion take 24. from 25,:there refts 1, which 
fet down under the 4, and to that 1 bring down the o in the Dividend 
it makes 10, then fay how oft 4 In 10, which becanfe I can have 2 
times, I fet 2 in the Quotient, and (as before) fay 2 times 4 is 8, which 
fet under the 10, and fubtragted from it the laft Remainder is 2, fothat 
2.50 being divided by 4, the Quotient is 62 and 2 remaining, €8e, 

_Lxamp, 2. Suppofe 4684 Pounds be to be divided among 54 Men, 
Flow miuch is each Man’s Share? 

54)4084( 86 


432 


2. 


40 
_20 The Shillings in one Pound, © 


54)800) 14 Shillings, 


44 : 
12 The Pence in one Shilling, 
88 
44 
54/528.9 Pence 
. 486.” 
: 4Farthings in one Penny, 
54)168(3 Parthings 
162 


= 


e 


6: or 5 of one Farthing, 


- Having 


z 
i | 
> Ee t= 

7 


times 4 13-32, 


‘then 4 trom 4 there refts 0, and 2 from 6 there reits 4, 


penny, and the Produc 168 


Having difpofed of your Numbers as directed, Example 1. they will 


ftand as you fee them}; becaufe I cannot have 54 (the Divifor) in 46 
(the two firft Figures ot the Dividend) I fay how often 54 in 468, or (for 


the more Flafe in working) how oft 5 in 46, which though I can have 

9 times and 1 remaining, yct becaufe I torefee that [cannot have 9 times 

a in 16,°I take but 8 times, which I fec in the Quotient; then fay 8 , 
fet down 2 under the 8 inthe Dividend, and carry 3, then 

fay 8 times 5 is 40 and 3 Is 43, which fet down belides the 2, as you 

fee, then fay 2 from 8 there refts 6, which fet down under 2, and then 

3 irom 6 there refts 3; then to the 36 fo found, bring down 4 the laft 

Figure in the Dividend, and begin a fecond Operation, faying how oft 5. 
in 36, which you can have 6 times, fet 6 in the Quotient, and fay Gtimes - 
4is 24; fet down 4 and carry 2, and 6times 5 18 30, and 2 I carry ts 32, 
: and thus you have 
4o remaining at laft, fo that each Man’s Share is 86 Pounds and 40 re- 
maining: Now to know the value of this 4o that remains (which in 
Frattions is #2 of a Pound) multiply 49 by 20 the Shillings in a Pound) 
the Product is 800, which divided by 54 (the tormer Divifor) the Quo- 
tient is 14 Shillings and 44 remains; then multiply 44 by 12, the Pence 
in one Shilling, the Product 528 divided by 54, the Quotient is 3 pence 
and 42 remains, which 42 being multiplied by 4, the Farchings in one 
divided by 54 the Quoticntis 3 Parthings 
and 6 remains, which is only =* of a Farthing. . 

Note, In finding the Value of any Fraction or Remainder in Divifion, 
you always multiply the Remainder by fuch a Number as the next lefs 
eee inarion is contained in the Greater (as in this Example) the firft 
Remainder is 40, which becaufe the firft Operation is Pounds and | de-. 
fire to know the value of that Fradtion tn Shillings, you multiply by 20 
the Shillings in one Pound, &¢. and always divide the Product by the 
firft Divifor which here is 54, as you fee above. 

If your Queftion had been in Hundreds, Quarters and Pounds, you 
muft have multiplied your firft Remainder by 4, the Quarters in one 
Hundred, and your next by 28 the Pounds in one Quarter, and fo in any 
other Denomination, 

Thus, if 4684 Pounds be divided amongft 54 Men, cach Man’s Share 
appears to be 864.145. 94. 39. ae Biase 

Note, That the beft proof of Divifion is by Multiplication, thus; mul- —— 
tiply the Quotient by the Divifor, and add the Remainder (ii any be) 
and if the Produc be the fame with the Dividend, then is the Work 


right, otherwife there is fome miftake. 


which teaches from three Numbers given, to find a fourth in Pro- 

ortion thereunto, which is done by multiplying the fecond and third 
Rikeg together, and dividing the Produé& by the firit, and the Quo- 
tient of the faid Divifion is the Anfwer of the Quettion. 

As if 25 Tuns of Wine coft 800/, What thal! 35 colt ? 

Here Note, That the firht Number and the third mutt always be of the 
fame Denomination. As if one be Pounds, Pence, Yards, Tuns, Hours, 
Men, &e.fo refpedctively muft the other be: And the like is to be under- 
ftood by the fecond and fourth, as in the following Numbers, which 
are thus difpofed. Tuns Pounds Tuns 


2.5 ——--———. Soo 35 

This Rule is performed (after an apt difpofal of the Terms) by Mu/- 
tiplication and Divifion. But note, that this Rule hath two Varieties, 
viz. Dire and Reverfe. Now forthe proper difpofing the Terms in 
any Queftion propounded, it is neceflary, to give a General Rule to know 
whether the Queftion muft be wrought by the direct Rule, or the Re- 
verfe; which is this; Whenin the Queftion more requires more, or lefs 
requires lefs: Asin this Quettion. 

if 25 Tuns of Wine coft 8007, What will 35 Tuns coft? Here it is 
evident that the third Termis more thanthe firft, and theretore requires 
more. So in this Queftion, 

If7 504. gives 45/. Intereft for a Year, what fhall s0/, give? Here ’tis 
plain that $0/. is lefs than 7507. and requires lefs Intereft. “Therefore 
both thefe and allfuch like Queftions, mutt be wrought by the Rule of 
Three Direét, wherein the Rule is plainly thus: Multiply the fecond 
Number by the third, and divide by the firft, the Quotient fhall be the 
fourth Number fought. Asin the orf of thefe Examples, multiply 800 
by °5, and the Produé is 28000: which being divided by 25, the Quo- 
tient 1120/, which fhews that 35 Tuns will coft 11207, 

| Operation, 


Tuns i. Tuns. re 
29 a mmm — 800 ae eee 35 Anfver, 1120 


__ Stet. VIL Of the Rule of THRER oy 
ee Rule of Three, for its excellent Ufe is called the Golden Rule, 


Sas Se Sateen oreo Mee 


Se OPH Rall of Thre 


And fo in the fecond Example. Multiply 50 by 45, it makes 2250 
which divided by 750, the Quotient is 35 which fhews that the Intereft 


anche a GD cE ig es Ris oe 


of 50). for a Year is 3/. The Operation. 2 
: t 7507 —— 45 — xen 
; 50 
$0) g25|0 (3 


r 
“The Rule of Three Reverfe, isto be ufled when the third Number 
more requires lefs, or lefs requires more 5 and then the Rule is thus: 

Multiply the firft Number by the f{econd, and divide the Product by 
the third, the Quotient fhall be the fourth Number fought, which al- 
ways (asin the Direct Rule) thall be of the fame Denomination with 
the fecond Number. For Inftance: 

If 24 Pioneers require 16 Months to dig a Retrenchment about a 
‘Town, How many Pioneers muft there be employed to dig the like 
"French in 4 Months? 

In ftating this Queftion you muft note, That 24, tho’ it be the firft 
named, is not to be the firft Number in the Work, becaute the middle 

~ Term muft always be of the fame Denomination with that which is 
fought. And the three Numbers put in order ftand thus, 
Mouths. Pioneers Months. 
16 --- 24, 

Here ’tis plain lefs requires more, that is, lefs Time more Hands: 
Therefore it muft be wrought by the Rule of ‘Three Reverfe, and ac= 
cordingly you may multiply 24 by 16, and divide the Product by 4; 
the Quotient is 96, asdoth appear by the Work: which is, that 9 
Pioncers mutt be employed to finifh the Trench in 4 Months. 


The Operation. 
Months Pioneers Months 
4 


16 ———_$_ 24 —- 
16 
144 
2.4 
4\ 33496 Pioneers. 
i) eaauaane 


24 
24 
O 


| ; Sze. VIIT 4 
Some Queflions anfwered, and the Way of Working them directed, serving 
to illufirate the foregoing Rule, . 
. bn ADDITION. 

Quef. An ancient Lady being demanded how old dhe was : To avoid 
a direc& An{wer, faid thus, I haveg Children, and there were three 
Years between the birthofevery one ot them, My eldeft was born when 
I was 19 Years old, which is now exadtly the Age of my youngeft, how 
old now isthe Lady ? 

Anfw. It is refolved by Addition thus: Firt: fet down her Age when 
her firit Child was born, which was 1 9, then the Difference between that 
and the Birth of her youngeft, which is 24, and then the Age of the 
youngeft 19: which being added together, fhews the Lady to be 62 
Years of Age. 

19 Her Age, 
24 Difference between the Children. 
19 Age of her Youngett. 
62 Lady’s Age. 
In SUBTRACTION. 

Queft. Inthe Year of our Lord 15$8, was the Spanifp Invafion ; In 
the Year 1715, I demand how long it is fince ? 

Anfw. Subtra& 1588 out of 1715, there remains 1 27, the Time fince, 
tothe Year 1715. 

In MULTIPLICATION 
‘Quefi. How many Statute Miles are there in the Circumference of the 
Body of the F'arth, whofe Circuit is 360 degrees, and each degree con- 
tains (according to Vulgar Computation) 60 Miles, 

Arf. Multiply 360, by 60, (the Miles contained in one degree) 

and the Product is 21600 Statute Miles. 
The Operation. 
360 
6o 
21600 

One, Ifthe Circuit of the Terreftrial Globe is 21600 Miles, 

Suppofe a Mantravel continually in a dire& Line (under one of the 
Greater Circles of the Sphere) 15 Miles a Day : In how many Days can. 
he compafs it ? C2 Afi, 


OF she Rule of Three a 
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Wa TOP the Rule of Three: 


Sa 


Anfwer. Divide 21600 by 15, your Quotient will be 1440, which 
fhews that in fo many Days he may affect it, that is, in fomewhat lefs 
than 4 Years, » 5 iss 

The Operation. 
15 )21600(1440 
15 
66 
60 
60 
60 


O 
In the Rule of Three. 
Quefi, A Man lent me 4oo/, for 7 Months, without Iptereft How 
much muft IPlend for 12 Months to retaliate his Kindnefs : 
Anfw. This muft be folved by the Reverfe Rule of Zhree, and muft 
be thus ftated. 
Month d. Month 
— 400 — —I12 
Where ’tis plain that more requires lefs; that is, tho’ the third Num- 
ber be more than the firft, yet it requires a leiler Number to anfwer unto 
it than the fecond: Theretore you muft multiply 400 by 7, and it makes 
2800, which I divide by 12 (thethird Number) the Quotient is 233 /. . 
and 4 /. remaining; the 12th part of which is 6s. 84, So the Anfwer to 
the Queftion is, Vhat I muft lend him 233/ 6s, 84 for 12 Months, 
The Operation, 
Months J. Months 
—i2 


7———— — 400 — 


Z 
ee 233 
-+ 


ee * 


49 
The Operation 36 


20 40 
euinnee Bag 1) | 
12 Sof 4 Which being multiplied by 20, 
72 the Shillings in one Pound, and it is 80 Shil- _ 
a———= lings, which being divided by 12, pro= 
8 - duceth 6s. and 8 remaining, which is 73 of 


CHAP. 


w——= a Shilling, or $ Pence. 
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CHAP. IL 
Containing fundry ufeful Definitions aud Problems of GEOMETRY. 
Secr. L Geometrical Definitions, ak | 


Point is that which cannot be divided, having neither Part nor 
A Quantity, and therefore void of Length, A. j 

Breadth or Depth ; and is reprefented in the 
Margin, by the Letter A. 4 3 | 

A Line is Length, without Breadth or Thick-" ; 
nefs, and is Right, as A; ef ie he 
Or Curved, as B. \ 4a 
B \: | 

An Angle is the Inclination of two Lines VA 4 


one to another, the one touching the other, 


| . | 
yet not fo asto make one Line} as the Lines aioe a | 
BA and BC, B whos errr | 4 


A Right-lined Angle, is that which is contained by 
Right-lines, as the Angle ABC. 


A Right Angle, is either Right-angle. or Oblique. 


A Right-lined Angled is when aRightLine, 
ftanding upon a Right Line, makes the An- 
gles on each fide equal to each other; as the 
Right Angles ACD and BCD. 3 } 


An Oblique Angie, is cither Acute or Ob- 4 
tufe. CC 2B 
An Acute Angie, is lefs than a light, as Wat / 
the Angle DEB. | 
An Obtufe_ Angie is greater thana Right- 
- Angle, as AEB, -, 


A = “Dp 
A Plain Figure is contained under one: 
Term, or many, 


~ 


; ae 
Pa wad 
=F. vs 


14a Geometrical Definitions. — ne 
| a A Circle is a Plain Figure contained under one 
a6 


erm or Line called the Circumference, unto 
which all Lines drawn from acertain Point with- 
in the Figure are Equal; and that Point is cal- 
A led the Center, as A. 

A Righi-lined Figure is contained by Right- 
lines, and is either three-fided, tour-fided, or 
many fided. 

A Triangle is a three-fided Figure, and is 


yA confidered either in reipedt of its Sides, or An- 
xles, . 


In refpe& of its Sides ’tis either, 


Equilateral, having three equal Sides; as A. 


a Equicrural, having two equal Sides 
as B, 


Or Scalenum, having three unequal Sides ; 
as D. 


In refpect of its Angle, ’tis either, 
Right-Augled, which hath a Right-angle ; as 


Or Oblique-angled, which hath no Right-an- 
gle, but hathtwo Acute-angles, and one Ob- 


tufe Angle; as C. 


/s Or three Acute-angls;asG. 


| "Creweticel Problenie P 


Of four-fided Fi ures. 


A Square is that which hath four equal 
Sides, and four Right-angles; as A. 


“An Oblong hath four Right-angles, 
and the oppofite Side equal ; as B. 


A Rhombus hath four equal Sides, but 
is not Right-angled 5 as C. 


A Rhomboides hath the oppofite Sides 
and Angles equal, but is ncither equal fided 
nor Right-angled ; as D, 


All other four fided Figures are called 
Trapexia’s, as E., 


Parallel, or equi-diftant Right-lines 
are fuch which being in the fame Su- 
perfices, ifinfinitely produced, would 
never meet, as A and B, 


Sect. Il. Geometrical Problems. 


Prob. 1. How to raife a Perpendicular onthe middle of a given Line: 


L ET the given Line be AB, and Cbe a fs K D * 
Point therein, whereon it is required to ols - 
raife a Perpendicular. Firft, open the Com- 
pafiesto any convenient diftance, and fetting 
one Foot in the Point C, with the other fet off 
on cither fide thereof the equal diftances, CA 
andCB:; ‘Then opening the Compafies to any 
convenient (wider) diftanee, fetting one Foot mel : Te 
in the Point A, with the other ftrike the occult Arch at E, then se the 
ame 


16 - Geometrical Problems. 
fame diftance, fet one foot in the Point B, and with the other ftrike the 
Arch Fcroffing Ein the Point D, from whence draw the Line DC,which 
Line is Perpendicular unto the given AB, as was required. 
Prob. 2, Zo let fall a Perpendicular from a Point affigned, tothe middle 
of a given Line. | 
Let BCD be the given Line, and A the 
‘ Point affigned, from whence you would have 
a Perpendicular let fall: Firft, fer one Foot 
of your Compaffes in the Point A, and open- 
ing themto any convenient diftance, defcribe 
an Arch of a Circle that may cut the Line 
BCD at Eand F; then find the middle be- 
tween thefe, which will be the Point C, from 


ed 
v sais i ; — “ 


5 Om oh oe =<. which Point draw the Line Ac, which is the 
Perpendicular Line required, 


Prob. 3. Jo raifea Perpendicular apon the End of a Line given. 
ae < Let the given Line be AB; firft, open 
“\ your Compatlesto a convenient diftance, 
and fet one Foot in the Point B, and let 
the other point fall any where above the 
Line, as at the Point D, and in that Point. 
let one foot of your Compafics remain, 
turning the other about, until it cut the 
’: Sas --![3 Line AB in the Point E; then turn the 


foot of the Compafles towards C, and draw an occult Arch, and lay the 
edge of a Ruler to thofe Points, E and D; and where the fame edge of 


the Ruler doth cut the Arch C, from that Point draw the Line CB, which 
{hall be a Perpendicular at the End of the Line AB, as was pees : 
the En 


Prob. 4. To let fall a Perpendicular from a Point affigned unto 
of a given Line. fe 
Let the Line AB be given, unto which it is re- 


‘D 


al 


x ‘ , quired to let falla Perpendicular from the Point 
: a D, to the End A, Firft, from the Point D draw 
é i a Line unto any Part of the given Li = AB, which 
% as may be the Line DCE, find the Middle Pe the © 
om= 


ge wa EA tc B Line, whichis at C, place one Foot of your Cor 
paffes in that point, and extend the other unto D or E, with which Ditt- 
ance defcribe the Semi-circle DAE, which fhall cut the pet Line AB | 
in the Point A,and DCE in D, from which Point draw the Linc DA, which 
is the Perpendicular, on the ‘ina of the given Line AB, as was reasired 


Geometrical- Problems. » 
Prob. 5. Todraw a Line Parallel to a Line given. 
- Let AB bea given Line, whereunto 


It is required to draw a Parallel. Firft, eet eee H 
fet one Foot of your Compafies inthe “ "EE te 
Point C, and opening the other at Plea- bs 

; e : A ——o———_—_—_——__ 4 ——- 
fore, defcribe the Arch FE; then with A——& + B 


the fame Diftance fet one foot in the Point D, defcribe the other Arch Fs 


Laftly, lay a Ruler to the Convexities of both thofe Arches, and draw 
the Line GH which thall bea Parallel to AB, as was required, 
Prob. 6, How to make an Ang’e equal to an Angle given, 


Let ABC be the given Angle, draw the Line DE, and upon B, as a 
Center, defcribe the Arch GH, between the Sides BA and BC,and upon 
the Point D, with thé fame Extent deferibe the Arch KL, and place 
the Extent GH from K tol, then through the Point L, draw DF: So 
isthe Angle EDF equal to ABC, which was required. 


oe 
San 


ei ue = 
Sh ST aD KE 


ae? 


Prob. 7. To divide a given Line, into two Equal Parts, propert 
called Bifeding a Line. : oe 
Let the given Line'be AB, open _ 
your Compafles to any convenient Co; 
extent more than half the Line, and 
with one foot in A defcribe the 4rch 
Cand D, then with the fame ex- | 
tent and one foot in B, crofs the i E 
aforefaid Arches in C and D, a Ru- 00) 7 Pepamrgeer 
ler laid from the crofling at C, to 
that at D, cuts ABin E, the mid- . 
dle of the Line required, 


18 ‘Geometrical Problems. 2 wii 
Prob. §. To bring three Points (not fiuate ina Right Line) into the 
Circumference of a Circle. : 


Suppofe it be required to draw a Circle thro’ 
the Pointsa b c3 Firft, with any Extent of 
é-— the Compaiies, and more than half ab, and one 
“ty, foot in a, draw the occult Arches g and h, and 

with the fame Extent and one foot in b, crofs 
the aforefaid Arches in g and h; then with any 
Extent more than half b c, and one toot in by 
é ‘draw the Arches d and e, and with the fame 
Extent and one toot ine, crofe the faid Arches in d and e, then thro” 
the points d and e draw the Line deo; alfo through h and g, draw 
the Line hg o, where thefe two Lines crofs cach other as at o, is the 
Center required, then with the Extent oa draw a Circle, it thall pais 
through the three-given Points. aos 

Prob. 9. With a given Line AB to make any given Angle. Suppofé 

an Angle of 36 Degrees. | 

: | With the Chord of 60 Degrees, and one 

NN foot in A draw the 4rch ¢ d, upon which fet ; 

th offtheChord of the given dngle 36 from c to 

“Ts d, and through d draw the Line Ad, which 

{hall make an Augie at A of 36 Degrecs, with 
the Line AB as was required. 


* 
o 
aa 
= 
s 
= 
= 
= 
« 
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e : 
Prob. 10. With three given Sides to make a Triangle. 


¢—— Suppofe the given Sides be ab andc, with 
}p——-——— ___ them to conftitute the Triangle ABC, ~ 


eee ER aS 


C— 


tC. Take the longeft Side cin your Come 
Sh y paffes, and fet from A to B, then with 
the Length of the Side b in your Com- 

affes, and one foot in B, fweep the 
{mall Arch at c; an bs us pal aa 
of the-Side a in your Compafles and one foot inf crols the a orelatc 
Arch at c, then Lea the Lines Ac and BC, fo have you the Triangle 
required. ts SH Tee ee | “By 


woh 


by 10 i 


~ By thefe Problems you may project any plain Triangle, or lay down 
any Queftion in Plais or Mercator’s Sailing, as tup- , ~ 
pofe in the Triangle ABC the Angle at A, and 
the Hypothenufe AC be given. Firft, (as in all Cafes,) | 
draw the Line AB, and by Prob. 9. make the given 
Angle at A, and from a Scale of equal Parts fet off the 
given Hypothenufe from A to C, and let fall the Perpen- 

- dicular CBto cut ABinB, fois your Triangle finifh- 


Geometrical Problems 


‘enn 


ed, 
 Likewife, if the Side AB had been given (which 
~ ifin a Queftion of Navigation had been the Differ- A, 
ence of Latitude) you muft make the Angle as before, and fet off the 
Side AB from A to B, and at B erect a Perpendicular to cut AC in Ce 
and ’tis done; and this with a little Application is fufficient for pro-= . | 
jecting all Cafes in plain ‘Trigonometry and Navigation, as a little 
Practice will make evident ; | 


CHAP. IIT. . 
Treateth of the Dottrine of Plain or Right-lined Triangles. 


Sect.I. Containing fome Things neceffary to be underftood re- 
lating to the Science of PLAIN TRIGONOMETRY. 


“ HE Doétrine of Triangles is converfant in the Men/uration of 

& Triangles, Plain or Spherical, comparing the Sides and Angles to- 

gether, according to known Analogies, whereby three ‘Things being gi- 

ven, either Sides, Angles, or both, a fourth Side or Angle may be found. 

But becaufe the Angles, of both Plain and Spherical Triangles are 
-meafured by Arches of Circles, and the Sides likewife of Spherical Seach 
Triangles are themfelves Arches of great Circles, therefore thefe | be 
Arches are in a manner reduc’d into Right-lines applied thereunto. 
The Right Lines applied to Circles, are Chords, Sines, Tangents, 
and Secants. Pan tpcits eur Nie 
A Chord is a Right-line drawn in a Circle, from one part of the Cir- i Sa tess Nee * 
cumference to the other, as in the annexed Figure. y Busey RA: 


D2 HK 


: oo) peek Se Jes a : 
Plain Trigonometry 
HK is the Chord of the Arches 
r HEK, and HDK; alfo DE the 
Diameter, is the Chord’of the Se- 
mi-Circles DAE. and DBE. 
The right Sine of an Arch js 
; \ half the Chord of twice that Arch, 
2 |x a8 HG being halt the Chord 
HK, is the right Sine of the Arch 
HE; a'fo of the Arch HAD, the 
Arch HE being the halt of beh 
and the Arch HAD being hait’ 
the Arch HDK. ‘The Sine Com- 
plement ot the Arch HE is if, 
equal to CG. 


The Verfed Sine ofan Arch, is that part of the Diameter which 
lies between the right Sine of that Arch and the Circaimferesce, {o that 
GE is the Verfed Sine of the Arch HE, and GD the Veried Sine of 
the Arch HAD. te 

"The Tangent of an Arch, is a Right-line touching the Arch, be- 
ing perpendicular to the Radius drawn to the Point ot Contact, and 
concurring witha Line drawn from the Center, thro’ the ‘Lerm or 
E;nd of that Arch: fo EF is a Tangent of the Arch EH. 

A Secant is that Right-line drawn trom the Center of the Arch, until 
it mect with the Tangent ; fo CF isa Secantofthe Arch KH. , 

it is to be underitcod that every Circie is divided into 360 equal 
Parts, called Degrees: every Degree into 60 Parts, calied Minutes; 
and every Minute into 60 parts, called Seconds, &c. an 

The Complemement of an Arch or Angie, is commonly the Com- 
plement thereof, to (or that which makes it up) 90 Degrees. Burt if 
it be meant the Complement thereof to a Semi-circle, it is expreiied 
by faying, the Complement to 180 deg. 

A Plain Triangle is contained under three Right-lines, and is either 
Right angled or Oblique. 

In all Plain Triangles, two Angles being given, the third is alfo 
given: And one Angle being given, the Sum of the other two is alfo 
given ; becaufe the three Angles together are equa! totwoRight Angles, 

Therefore in aVJain Right angled Triangle, one of the accute Angles 
15 the Complement of the other to 90 deg. | 3 

dn the Solution of the Plain Triangles, the Angles being only given, 
the Sides cannot be found, but onl y the Ratio of the Sides: Itisthere- 
fore neceflary that one of the Sides be known: As 


Plain Trigonometry. 
In a Right angled Triangle two things (befides the Right Angle) will 
ferve to find the third, {> one of them bea Side. _ 
In Oblique angled Triangles, there muft be three things given (one 
ofthem being a Side) to find a Fourth. 
Some Symbols ufed in the Doctrine of Triangles for Brevity’s fake. 
=Equal to. 
-+ More. 
- . —tTels. 
4 x Multiply by, or draw into. , 
| ° Over a Number ftands for Degrees, as 12° fignifies 12 deg. 

‘Signifie Minutes, as 12' is 12 Minutes. 

cr. A Side, crs. Sides, 

£ An Angle, Zs Angles, 

Z, The Sum. 

X The Ditference, 

S. Sine. 

Sc. Co-Sine, or Sine Complement. 

Co. Ar. Complement Arithmetical. 

t. ‘Tangent. 

tc. Co-Tangent, or Tangent Complement. 

2R.Ang. two Right Angles. : 

soguare, .. 

InRight angled Plain Triangles, the Sides comprehending the Right 
Angle are called the Legs; and the Side {ubtending (or oppofite to the 
Right Angle) is called the Hypothenufe. 

in the Doétrine of Triangles, three Letters denote an Angle, as BAC 
fignifies the Angle at A; and ACB the Angle atC. ‘Two Letters 
thew a Side, as Side AB, or AC. 

In the Doétrine of Triangles, the given Sides 
or Angles are noted with a Dah, thus (’) 


= 


The required Sides or Angles witha Cypher, 


}_ thus, (0) or 
4 : i q we! - e 


ee 


| 
: 
| 
} 
' 
/ 
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In Right-angled Plain Triangles, there are feven Cafes, and in 
Oblique Triangles fix; for the Solution of which, thefe four Axioms 


are fufficient. 


AXIOM 1. Of Right-angled Triangles, ; 

Tn all Plain Right-angled ‘Triangles, any ofthe Sides may be made. 
Radius; and the other Sides will be Sines, Tangents or Secants ; and 
what Proportion the Side put for Radius, hath to Radius, the fame 
Proportion hath the other Sides, to the Sines, Tangents, and Secants 


by them reprefent. 
AXIOM 2. Of Oblique Triangles. 


In all Plain Triangles, the Sides are iniuch Proportion one to anos 


ther as the Sides of thein oppotite Angles. 
AXIOM 3. ae 7 
In all Plain Triangles, as the Sum of two Sides is totheirDiflerence 5 
{o is the Tangent ofthe half Sum of their two oppofite Angles, to the 
Tang. of the Diff. of either ofthem, above or under the halfSum. 
AXIOM 4, 
Tn all Plain Triangles, asthe Bale is in Proportion to the Sum of the 


other Sides, fo is the Difference, of thefe Sides, to the Difference of 
the Segments of the Bafe. 


Sect. Il. Of Right-angled Plain Triangles. 


Cafe I. | | 
A eigen Angles and one of the Legs given, to find the other Leg. 


Example. 
c. Inthe Triangle ABC, 
There is given, 


ABC 33° 45° Up 
AB 90 parts SBC required, 
sy ee The Operation by the Logarithms. 

As S, ACB 56° 15) Log. 98 48 


To AB00 Parte tra ee ee 1.954242 — 
So is Oh G34 ae on emi ee —————— 9.744739 
i . 11.698985 


* To BC required, 60, 13 Parts—— semen ot nt — 1,77 0135 
The general Rute for working Proportions by the Logarithms. 


Add the Logarithms of the fecond and third Numbers together, 
} : : rom 


at a 


Café II. 
The Angles, and one of the Legsgiven, to find the Hypothenufe. 
4 Example, 
In the Triangle ABC | C 
acess Is given, | | 
| 50° £5' 
_ AB 90 parts bac ade | 
. The Operation, \p 


‘Sols “Radius ws 
_ To AC required, 108 75 Parts men ———————— commen Wen 
: 


wey, 


ante tN a 


Di aay TragnynmyePEra. 
ain wa OUR ° 4 


from that Sum-fubtrac&t the Logarithm of the firft, and the Remain- 
deris the Logarithm of the fourth Number fought, as is apparent 


-by the precedent Operation. 


_” Note; That the Work may be abbreviated in this and the following 
Cafes: When Radius is not put inthe Proportion, then take the Com- 
plement Arithmetical of the firft Logarithm ; and then adding the Loga- 
rithms of the fecond and third,and theComplememt Arithmetical ofthe firft 
into one Sum, from which bating Radius, or an Unite (towards the 


left hand) the Remainder is the Logarithm of the fou:th Number. 


The Operation by the Comp. Avrith. Co, Ar. 

As 8S. ACB 56° is Log. erent oe ene OOS OTS 4, 
To AB G0 parts mre ae ene remem omnes F544 aa 
mois Di BACy 39% 45 ee ro 447 39 Pi | 


‘To AC required, 60, 13 parts nm 1779135 | 
The Comp. Arith. of a. Log. isthe Remainder thereof being fub- Bt 
tracted from Radius. 


So the Comp. Arith. of 5. 59° 15° | 100000000 ~ 
is 0.080154, as here appears; 9.919845 
0.080! 54. 


But a readier way is hinted by Mr. Norwood, thus : By taking the | | 


seat or Refidue of the firft Figure towards the left-hand unto 9, and 
t 


fo of the reft, until you-come to the laft Figure toward the right-hand. 


thereof, fet down the Refidue to 10, thus, to take the Comp. Arith. 
-of 9.91984. For 9 I write this Refidue unto 9, which iso; for 0,0; ~ 
for 1, 8; tor 9, 03; for 8, 13 for 4 the Comp. to 10, which is 6, 
And fo J have 008310, which isthe Comp. Arith. of 9.91984.3 


As S. ACB 56° 15! Log, ammo — ttt ms me 9,01 09.46 
"DT. AB 90 Parts a mer mt re TY 5424.2 


24 Gemetrical Problems. 

Inthe Operation of this Cafe there is no need to take the Comp. 
Arith. becaufe Radiusis one of the four Terms in Proportion ; nor 
’ of adding the Log. of the fecond and third together, according to the 
peat Rule aforegoing, only fabtract the former Figures of the firft 

og. from the fecond Logs, And in fubtracting the laft Figure of the 
firft Log. add 10 to the correfponding Figureot the fecond Log. wiz 

Say 9 from 11, there remains 2; This Remainder 2.034395 gives 
the Log. of the fourth Number requir’d. 

But if the Comp. Arith. of the Log. of the firft Term be taken, 
the Labour of Subtraction may be faved. 


CAAT T io. ream 
The Angles and the Hypothenufé given, to find eithcr of the Legs. 


~ 


c Example. - 
In the Triangle ABC, 


7 ra eae, is given, 
| B 56° -15' oe 
A va | p AC 108 parts fAB requir. 


The Operation. 
As Radius ——___- —___- ————- 10.0000000 
To AC 108 parts———- —— a ng OE 
So is S. BAC 56° 15/—— 9.919846 
To AB required 89 ;& parts 


es at oe Mee 


——— 1.953209 
In this Operation, the fecond and third Log. being added together, 

the firft being Radius, is eafily fabtracted by cutting off the laft Figure 

towards the left hand, as is evident in the Example. ; 


——aae ee 


Cafe IV. 
The Legs given to find an Angle 
Example. 
In the Triangle ABC, 
There is given, : 


AB ts 
B BC 25 t BAC required. 


iz The Operation. 
As AB, 90 wa eet Ey | teem 4.054242 
To Radites mm macmes canes ee met ens mee eon = 10,000000 
So is BC 60 —— —e — 1.778151 
To t. BAC required, 33° 41’ —-——-—~—- —— — — 9.823909 
This Operation is performed as the Example in the fecond Cafe 
beforegoing, ! «Café 


_ L£lain Trigonometry. i J ea ae 
i Cafe V. é 
The Hypothenufe and one of the Legs given,” to find the Angles, 
Example. | Cc 
In the Triangle ABC,  gtiteeaiae 
There is given, - | 
| C Io : ; ; 
a sop ACB required, X | 
The Operation, A MS JF 
_ As AC 108 | es MANOS Se 33423 
_ _ To Radius -—-——- —_—__._._.»—- —- ——————70,600000 


36 1s-AB 00-——.._ 1.954242 

To Sine ACB required, 56° 2  ——~ 9.920819 a 

_ This is performed as the precedent Operation in the fourth Cate. | 

The Legs given to find the Hy thenufe, i | 
In the Triangle ABC, Nias 


There Is given, 


BC SoSAC required. | . “ 


This Cafe requires a double Operation. 
1. By the 4th Cafe.to find the Angles, y 
2. By the 2d Cafe to find the Hypothennfe. “a 
| The firft Operation, Veg 7 a 
To Radius alae RO LN ANE OOM 
d So is BC 60 —~—_-__-__.______. A ces ee 1.7781 5% 
To t. BAC 33° 41’ = 9.893009, 
The fecond Operation. | 
As Sine BAC 33° gr’ : 


nt eat oC wert . g 
_~ lo BC 60 —~—__._—__. ————= 9:743 901 


So is Radius —— 


SAREE TILL Che OL 


—_ 0.000000 ; 3 
To AC required, 108 ey 2.034170 es: ie 
“Cae vil. : Nties ee ? 
The Hypothenufé and es es the Legs given, to find the other Leg, m 
xample, 
In the Triangle ABC, : a 
There is given, 
AC 108 BC ; i 
AB 90 t required. | 
| A B 
This Ks . 
tenn tates 
palates akan ae 


ei la Plain Trigonometry. ey 
This Cafe likewife requires a double Operation. 
1, By the filth Cate to find the Angles,’ 
~q. By the iftand Je FOr the Leg required. 
he f 


if Operation. 
As AC 108 emigescic nn nn nent 2.0.5.5.4 28 
To Radius —-<—<—_—_— arr 10000009 
So is AB 907 ——--—— — nt 1,954.42 
To Sing ACB 56° 26’/———__—&—-_-—-. ——- > 9.920814. 
The fecond Operation. : 
As Radius —— ———- —— _—_- — 10000000 
To AC 108 ————-—. 2.033.428. 
So is Sine BAC 33° 34. —~———— = —- ——- 9.742652 ; 
‘To BC required ———.-——--—— : a ne 


The fixth and feventh Cafes beforegoing, may be performed without. 


the Canon of Sines and Tangents, by the’ 47 Prop. ¢ Hucha, viz. that 
in plain Right-angled Triangles, the Square of the Hy pothenufe is equal 
to the Sum of the Squares of the. two Legs. 
ry Example of the Sixth Café. 
In the Triangle ABC, 
ae There is given, 
‘B 9o 
x Buu BC bof AC req. 3 
Square the given Legs feverally, add their Squares together t 
sinus Root a that Sum is the Hypothenufe Poised: : ; Ps 
In multiplying 90 by 90, you need, not regard the Cyphers, bute 
° times 9 is 81, to which fet the two Cyphers, the Sum 810c is the 
Product required, 9. The Operation. 
ae AB 90 Square of AB, 8100 


go Square of BC, 3600 | ; 
~ 8100 Theis Sum — 11700(108 AC reguired.. 
I 


BGr60.2. | 
60 “80(17 
3600.— CO _ 
1700 
1664 
36 


Otherwife by the Logarithms, 
From the double Log. of the ae Leg. fubtract the Log of the lefs: 
aud 


ih 1 sink ee eae - 
ee ee a. : or 
5 ' 


| Plain Trigonometry. : ee, a7 
and to the abfolute Number anfwering to the Ditterdace of the Logs, add 
the lefs Leg ; half the Sum of the Logs of th id Sum and leis Leg. 


is the Log. of the Hypothenufe required’ 
: The Operation, 


. The greater Leg AB, 90 Log. 1.954242 


_ The fame again —-—---—_—> ee 1.954242 

The double Log, — — ——- --— —— 3.908484 

The lefs Leg BC 60 Log. fabtr, —-—————_$_-»--_- —- 1.7781 55 

‘The abfolute Number 135 ss —— 2.10333 

The Sum-——i 95 Lég, ———- —_--— - +2.290034, 

 Lefs Leg BC” 60 Log, ———— ———-——--——1773151 
ie a 
The Eypothenufe ac 108) Sum) ——-——- = 2.034092 

c xample of the Sixth Cafe. 


C Inthe Triangle ABC, 
there is given, ~ 
AC 108 ed 
A: B AB’ 92 . 
From the Square of the Hypothenufé, fubtrac&t the Square of the gi- 
ven Leg, the Square Root of the Remainder is the Leg required, 
. The Operation. 


AC 108 AB 90 the SquareofAC 11664 
- 108 Le the Square of AB $100 
~ 864. CO” Remainder 3564( 59 
1080 je BIOs a 
Square 11004 Square 8100 . 109) a a 
I ° 


g 3 be 
Orherwife by the Logarithms, 


: ' G 
Halfthe Sum of the Logs of the Sum, and of the Difference of the 


Hy pothenufe and given Leg, isthe Log. of the Leg required. ' 
The Operation. Race ae 
The Hypothenufe AC 108 
The given Leg AB ee) : 
- "The Sum 198 Log. 2.296665 
The Differ, 18 Log. 1.255272 
Sum 3.551937 


|The Leg BC 59 required, half Sunay75908 Ea = SECT 


ee 
| 


4 
| 


ald Ty 


¢ 28 | me Plain Trigonometry. a 
Sect, UI. Of Oblique-angled Plain Triangles, , 


a ayes 


2 2 ae Cafe I. 
& op be Angles, and one oft! he Sides given, to find one of the other 
ne Sides, 3 aa 
“ Example. | 
me | C In the Triangle JBC, 
_ ee ts There is-given, 
‘4 ie - 45 40 e BC required, J 
oe di A <—__Ap AC 50 parts \ | f 


The Operation of this and the following Cafe, depends upon the fe= 
cond Axiom aforegoing. L 
any The Operation. Co, Ar, 
s Sine ABC 45° 00' en OT 50 GT 
To Side 4C€ 40 = TESTE Oorene 
So is Sine BAC 33° 4.5! —— ee 9.944939 
To Side BC required 31 oS 
After the fame manner you eee the Side AB if it were required, 
afe II. 
‘Two Sides, and an Angle oppofite to one of them, being given, to 
find the other oppofite Angle. 
Example, . 
Inthe Triangle 4BC; 
Ce There is given, 
2) ABC 45° 00" | 
AB 1908-ACB required, being Obtufe. 


| aN tren 


F 1. In this Cafe, if the given Angle be Obtufe, the Angle required is 
cute, : 

_ ,2. ifthe given Angle be Acute, and oppofite to the greater of the 
§ given Sides, the required Angle is Acute. 

_3- Ifthe given Angle be Acute and oppofite to the leaft of the given 
Sides, it’s doubtful whether the angle fought be Acute or Obtufe, and 
ought to be determined before the Operation, as in this Examp/e, 

| The Operation. Co, Ar. 
| As Side AC 80 —— ———-——._._ —___.-»_ ___._—__ 8. 09691 
) To Sine ABC 45° 00! meee eet ne ae 0.84048 
) So is Side AB1o 7 Rb ion iy ee ang pe 
) To Sine ACB required, 117° 54’ =e an 79:948404 
: This 


Seen inl 


= 


a er. 


rae 


Se ae eS ee 


ee eee ee a ee eee 


Plain Trigonometry. | 29 
Fhis Operation produces the Log Sine of 62° 05’ for the Angle 
fought; but becaufe it is Obtufe, you muft take its Complement to 
“180°, viz. 11° 54’ I, 
Two Sides and an Angle oppofiteto one of them, being given, to 


find the third Side. Example, 6 
In the Triangle ABC, & 
There is given, ™ 
ABC 45°00’ ; 
AB He ane required, 
AC .80 Py B 
Firit find the Angle at C, by Cafe the fecond., Co. Ar. | 
As fide AC ci (0) 8.096919 ne | 
To Sine of sa Oiromr comms ina i 00 808% 
So fide AB —— ——.._—_-_+_. —_ 199 


To Sine of ACB Obtufe —~——_1 BMS on, 2 9.946404 


Angle ABC sf ———~—-—— 452.00! : | 
‘Angle ACB — ore FS 4 


Sum 1S 54° Subtracted fom 180 : / 
there refts the Angle CAB 17° 6° Then by Cafe the firft, a 
As Sine of ABC —-——___ 45° OQip——————~—_ or sosi5 
To Side AC es — 80 1.903090 on 
Beremeon pb AC) 17° 06' ——- —— 9.468 407 
To fide BC required —~——-—__ 33 __, —___ Gao 71.$22012 
Cafe IV. & 
Two fides, and their contained Angles given, to find the other 
Angles, | , Example. Gal 
In the Triangle ABC, 
There is given, 
AB 95 Pe 
AC 20 ACB and ABC required 
EE aes ea 
The Operation of this Cafe depends upon the third Axion. 
a The Operation, 
The fide AB 25 180° co’. 
The fide AC 20f BAC 33 45 
The Sum of the fides4s5\ Sum746 4 5 
Their Difference uns amass ase 


half Sum 73 oy of the unknown Angles. 


C 
o 


Zs ©». 


, SP, 


Plain Trigonometry. 


40 


Co. Ar. 
As the Sum of the Sities AB and AC 45 Log. ——— -—-——- 8.346788 
To their Difference 05 ni Ra RAR 698970 
So is t. half Sum of the oppofite Angles 73° 07’ ——=--——~ 10. 517833 
‘To t. of their half Difference Fu 10 06— x 9.503 591 


The half Difference added to the half Sum,, gives the greater Angle; 
and fubtraéted leaves the lefs. my 


iz 


The half Sum of the Angles 73 oy ) 


The half Difference 10, 06,9 

Added gives 4CB 03 13% 

Subtracted, ABG 53. OF 

Cae. Ven 
Two Sides, and their contained Angle piven to find the care Side. 
| Example, : 

In the Triangle ABC, > fi 

There is given, y 
ACen Shc ag 

2.71 require | 

BAC 14° 40’ S A B 


This Cafe requires a double Operation 
i. By the 34 Cafe to find the Angles. 
2. "Y ae iff Cafe to find the fide required. 


The firfi Operation. 


C 
As the Sum of the Sides AB and AC 606 Los, ——— 7, x Br 8 
To their Difference pak bees 4 ees how 3 


i 

if bay =Soist. half their Sum Kune isi i BA? 40! — JOO 

bE To t. half their Difference———— 39 i oR ULALs 

By which you will find the Arigle ABC, to be 43° 18'- 
be fecond Operation, 


Ais Sine ABC 43° 18) Log. Capa tA: Noein aa | 
To fide AC 27 1 nm 2,432009 
So is Sine BAC 74° 4o’ a rn nn 9,4034.5.5 


Fo fiche BC required, 100 eeitg ee ————— 72.000215 
) Cafe 


Plain Ti rigonometry. | 
Cafe VI. 


Three fides given to fir 


Example. 
In the Triangle ABC 
There is. given, | 
AB 64) 
AC 47 -BAC required. 
BC 349 A. D R 
The Refolution of this Cae depends upon the 4th Axiom, reducing 
the Oblique-angled Triangle into two Right-angled Triangles, by let= 
' ting fall a Perpendicular CD, upon the Bafe or greater fide AB, and ree 
quires a double Operation. . 
The Bafe'is that fide upon which the perpendicular falls. 
1. To find the Segment of the Bafe AD 
2, To find by the 5th Cafe. ¢ of 


ol 


F 
The firft Ope ration, Co, Ar. 
AC 47 As the Bafe AB—— -—--——-—— 64 Log. 8.193820 
BC __34 To the Sum of the Sides AC and BE-———-81 1.908485 


Sum_ $1 So Is the Difference of the fides AC and BC 13 1.113043 
Diff. 13 To the Dif. of the Segments of the Bafe 16 - ¥1,216248. 
The Bafe is 64 ~~ 
The Differ. of the Segments. 16 \ 


Sum 80 bate 
half Sum 40 is AD the greater Seg~ 


ment of the Bafe, becaufe adjacent to. 4 
e 


the greater fide AC, 


The fecond Operation, 
in the Triangle ACD, Right-angled at D, 
There is given AD and AG, to find CAD. 


So is AD, 4o 


1.602060: 


Ry qr Ree! ae es TEES —= 


To fe. CAD 31° 40! eo 9.929983 
| CHAP, 


“Reétangular) the Angles required, 


Tr Ta SIO 1.072009 


ee Wes CHA P. dv.’ - 
The Dotirine. of Spherical TRIANGLES, 


"Fh. 


ies. 
SECT. I. Containing the apy of Spherical Triangles, and their 


i0MS. 


®. 


5, A Spherical Triangle is that’ which is defcribed on the Surface of 


the Sphere. ~_ 


2. The fides of a Spherical Triangle are the Arches of three great 
Greles of the Sphere mutually interfeGting each other. 5 


3. Spherical Augles are 


meafured by the 4rch of a great Circle, inter= 


cepted between the fides containing the Angie, the Pole of that Circle 


being the Angular Punt. t 
4. Thofe are faid to be great Circles which divide the Sphere into two 


eq 


ual Parts. Laff 
4. Thofe Circles which cut each other, at Right-angles, pafs through 


the Poles of each other, and the contrary. 


6. In every Spherical Triangle, each fide is lefs than a Semi-circle. 


~. In every Spherical Triangle, any two Sides together are greater than 


the third. 


8. The Sum of the fides of a Spherical Triangle is lefs than two Semi 


circles. J 


, If two fides of a Spherical Triangle be equal to a Semi-circle, the 


two Angles at the Bafé thall be equal to:two Right-angles ; if they be 
lefs than a Semi-circle, the two Angles fhall be lefs; but if greater than © 
a Semi-circle, the two ngies fhall be greater than two Right-angles. 


10. The Sum of three Angles of a’Spherical Triangle are greater than 


two Right-angles, and lefs chan fix. 


11. Two Angles of any Spherical Triangle are greater than the Dif- 


ference between the third Angie and a Semi-circle ; therefore, 


12. Any fide being continued, the Exterior dng/e is lefs than the two 


Interior oppoiite ones. 


13. Inany Spherical Triangles the Difference of the Sum of two 4z- 


gles and a whole Cérc/e, is greater than the Difference of a third Angle 


an 


da Semi-circle. 
4. In any Spherical Triangle, one fide being produced, if the other 


two fides, be equal to a Semi-circle, the outward Angle thall be equal 


#O 


the inward oppofite Kan upon the fide produced: It they be i 
) th 


“Of Spherical Triangles. 


thana Semi-circle, the outward Augie thall be greater than the inward 
oppofite Angle, if they be greater than a Semi-circle the outward Augle 
fhall be lefs than the inward oppofite Aygie. 

15. A Spherical Triangle is either Right or Oblique-angled. 


16. A Right-angied Spherical Triangle, is that which hath one Right 


Angle at the leaft, , 

17. The Legs of a Right-angled Spherical Triangle are of the fame 
Affection with their oppofite Angles. 

18. In a Right-angled Spherical Triangle, if either Leg be a Qua- 

' drant, the Hypotbenu/e fhall be alfo a Quadrant; but if both the Legs be of 

the fame Aficction (that is, be both greater or both leffer than a Quadrant) 
the Hypothenu/e is lefs than a Quadrant, or if of different Affc@ions, then 
greater, and the Contrary. 
19. In a Right-angled Spherical Triangle, if either of the Angles at 
the fypotbenufe be a Right Angle, the Flypotkenufée fhall be a Quadrant; 
but it both fhall be of the fame Affection, it thall be lef 5 f of different, 
it fhall be greater, and the contrary. 

20, Ina Right-angled Spherical Triangle, the Sum of the Oblique An~ 
gles are lefs than three R ight Angles, 

21, An Oblique Spherical Triangle is cither acute or obtufe, 

22. An Acute-angled Triangle hath all its Angles Acute. 

23. an Obtufe-angled Spherical T; riangle hath all its. 4uygles either Ob- 
tufe or Mixt, viz. tome Acute and fome Oltu/e. 

24. In any Spherical Triangle whofe Angles are all Acute, each fide ig 
lefs than a Quadrant. | 

In Sperical Triangles there are 28 Cafes, 16 in Reétangular, and 19 in 
Oblique Angular. ‘The 16 Cafes of Rectangular are refolyed by thefe 
two Axioms tollowing, | 

AXIOM 1. 


In all Spherical ReGangular T; riaugles, having the fame cute Angle at 
the Bae ; the Sines of the © Vpothenufa’s are Proportional to the Sk 
of their Perpendicular. | 7 
AXIOM. 2 


In all Spherical Refangular Triangles, having the fame Acute Ay Te 
4 - f 
the Ba/é, the Sines of the Bajes, and the Tangeuts of the Peipendit tac 
are Proportional. . 
‘That as all the Cafes of a Right-angled Spherical Triangle = 
folved by thefe two Axioms, | ses ae did ei 
The feveral Parts of the Spherical Triangle propofed, muft fometimes 
be continued to Quadrants, fee fo the Angles may be turned into Sides, 
Lae aie wIFQ Pp, oo thea: Y Os* LD Et, tie @ 45E BET] the 


Omi 
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the Hypothenu/a’s into Bafes and Perpendiculars, and the contrary. By 
which means the Proportions, as to the Parts ofthe Triangle given, in- 
ftead of Sines do fometimes fall in Co-fines, and fometimes in Co-tan- 
gents inftead of Tangent. 3uch Parts as do change their Proportion 
are. noted with their Complements, viz. the Hypothenufe, and both the 
Oblique Angles, bat the Sides containing the Right Angles do not change. 
Thefe are called the five circular Parts of a Triangle, amongtt which 
the Right Angle is not reckoned, and therefore the two Sides which do 
contain it, are fuppofed to be joined together, 

Fach of thefe circular Parts; may by Suppofition be made the middle 
Part, and thenthe two circular Parts which are next to that middle 

c Part, are the Extreams Conjunét; the other remote 
from the Part affumed, are the Extreams Disjunct. 

As in the Triangle ABC, if Comp: A C be made 
the middle Part, Comp. A and Comp. C are the Extreams 
Conjunct, and the Side AB and BC are the Extreams 
 Disjun& : And fo of the reft, as in the Table following. 


cite aie ee 
“Mid. ‘Part | Extra. Conj. | Extr. Disj. | 


—— ee ot 


aS OS 


Comp. A Comp. AC 
Leg BC | Comp.C _ 


Leg AB | 
ee SEE at Rea pone ay a 
Comp. A Comp, AC Comp. C 
¢ 


—\—“Comp. C | Comp. A 
Leg AB Comp, AC_| 


The Parts of a Right-angled Spherical Triangle, being thus diftin- 
guifhed into 5 circular Parts, for the more eafe in refolving all Spherical 
Triangles, obferve this Catholick and Univerfal Proportion invented by 
the Lord Napier. | 

"Phe Sins of the Middle Part and Radius, are reciprocally proportional 
to the Tangents of the Extreams Conjunct, and the Co-fines of the Ex~. 
treams Disjunct. 


That is; as Radius to the Tangent of one of the. Extreams on} nhee , 
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fois the Tangent of the other Extream Conjuné, to the Sine of the 
Middle Part. 


And alfo, as Radius, to the Co-fine of one of the Extreams Dis- 
‘unét ; fo is the Co-fine ofthe other Extream Disjunct to the Sine of 


ne Middle Part. 
Therefore if the Middle Part be fought, the Radius muft be inthe firft 8 


Place ; if cither of the Extreams, the other Extream muft be in the firft | 


Place. ai 

Only Note, that ifthe Middle part, or either of the Extreams Con- i 
junct, be noted with its Complement in the Circular Parts of the Tri- I | 
angle inftead of the Sine or Vangent, you muft ufe the Co-fine or Co- dl 
tangent. Gy | 


| 
Ifeither of the Extreams Disjunét be noted by its Complement in the 
Circular Parts of the Triangle, inftead of the Co-fine you muft ufe the il 
Sine of fach Extream Disjunct. | a | 

That the Dire@ions may bethe better underftood, there is in the iA 
Table following the Circular Parts of a Triangle under their refpective We | 
Titles, whether they be taken for the Middle Part, or forthe Extreams, 
whether Conjunct or Disjunét; and unto thofe parts there is prefixedthe / 
Sine and Co-fine, the Tangent or Co-tangent, asitought to be by the Ca- | 
| 


tholick Proportion. 


Mid, Part | Extr. Con. | Extr. Disz. 4 
NN Se) i 
Sine AB | Co-tang. A | Sine AC i 
| Tang. BC | Sine C f 
Co-fine A iCo-tang. AC | SineC 


Tang AB | Co-fine BC \ 
| Confine AC | Co-tang. A | Co-fine AB | . 
| Co-tang. C_| Co-fine BC | 1 

Co-fine GC |Co-tang AC | Sine A : 

‘Tang. BC | Co-fine AB\ : | 

Sine BG | Co-tang.C | sine A 

Tang. AB | Sine AC 4 
. AXIOM 3. 

_ Inall Spherical Triangles, the Sines of the Sides are in dire& Propor- 

tion to the Sines of their oppofite Angles, and the contrary. 
ie AZSIOM 


sey 


rn a A NR 
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AXIOM 4. | , 
Tp all Oblique-angled Spherical Triangles, in which two Sides are lefs 
than a Semi-circle: o | “ a. 
As the Sine of balfthe Sum of the two Sides, 
To the Sine of halftheir Difference ; 
~ So isthe Cc-tangent of half the contain’d Angle, 
To the Tangent of half the Difference of the oppofite Angles. 
Aud, As the Co-fine of haltthe Sam of the Sides, 
To the Co-fine of half their Difference ; 
So is the Co-tangent of half the contained Angle, 
‘To the Tangent of halfthe Sum of the oppofite Angles. 
. AXIOM 5. ; 
In all Oblique-angled Spherical Triangles, in which two Angles are lefs 
than two Right-angles. 
As the Sine of half the Sum of two Angles, 
To the Sine of half their Difference ; 
So isthe Tangent of halfthe interjacent Side, 
To the Tangent of half the Difference of the oppofite Sides, 
And, Asthe Co-fine of half the Sum of the Angles, 
To the Co-fine of half their Difference ; 
So is the Tangent of half the interjacent Side, : 
Tothe Tangent of half the Sum of the oppolite Side. 
: nh AA TOM: G, ete 
Asthe Re@angle of the Sines of the containing Sides, 
To the Square.of Radius 5 | | 
So is the Reétangle of the Sines of half the Sum of the three Sides 
and of the Difference of the oppofite Side therefrom, : 
Tothe Square of the Co-fine of half the Angle fought, 


This being premifed, the feveral Cafes fhall be fet down, with their 
Analogies, and refolved by the Logarithm 

Firft, Ot Right-angled Triangles. th _ 
Then, Ot Oblique. 7: 


Secr, IL, Of Right-angled Spherital Triangles. 
| ihe Cafe hix | 


A Leg, and:an Angle oppofite thereto, being given, to find the other 
LY Leg; if it be known, whether the Hypotheau/e, or other Angle, 
be greater or Ieffer than a Quadrant. _ Example 


FO mere rineenns ners 


of Spherical Triangles. : 
Example, 


fn the Triangle ABC, 
There i is given, 


es ae a LAB required. 4 
eee’ The Operation, 4<<_, Jp 
— —— Log. 10.000060 
To tc. BAC 23° 30! 10.3616 98 
So ist. BC £7543 ee 9.504418 


i 19.866116 


TomvAt required, 47° 07 ——-—— 
Cafe II. A Leg and an Angle given, to find the other Leg. 


Example, 

In the Triangle ABC, 3 eS 
There is given, 

BAC 23° 50 

AB 47 9 BC required. A ie 

The Operation, 

As tc. BAC 23° 30’. ———_ ——— —-—— Log. _10.361698 

Pease eno ods fo 10,0C0000 


Tot! BCrequired, 17° 43/——-——— — —-- =~ — 9, 5046 
sid lil. The Legs given, to find an Angle, 9 a 


Example, 

In the Triangle ABC, a 

There i is given, x 

BC 17°43 ‘$ BAC requird. | Ace 
The Operation. . 

As t. BC, 17° 43’——-——_-—_— Tt I aoe, 9.604418 

: To Radius — ——~ ——— —— — 10,00C6000 

ois S 47° 19'— ————— —— —— 9.8663 53 

To tc. BAC required, 23° 30. —-— 


ee 


Cafe IV. The Hypotheuu/é and a Leg given, to find the contained Angle. 
Example. In the ‘Vriangle ABC, - 


Sa is Enis | rs x 
AC 4y? 4 acatte bees a i : 
BC 7 43 b ace required, ee pee! P 


—10,301935 
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| The Operation. 

As Radius ———~--——- —-—— ——- —--—_ —~~ Log. 10.00c000 
FEO, AS AOR Sn ee + 9.926890 | 


Pisce. BC'17? 43% a 9.504418 
Tote Ch required, 94,21 — a sare rae 431308 
Cafe V. A Leg and the adjacent Angle given, to find the Hypothenufe, 

C Example. In the Triangle ABC, 

ea | There is given, 

Aen. AB go ip f AGzequired. 

The Operation. 
Ast. AB 47° 19 —— Log. 10,0351 58 

To Radius-——- ~~" ——— erp me =10,000000 © 

69 ts fe. BAC 23°. 30 > a 
mente. AG required) 40°47 ee “9.927239 


Cafe Vi. The Hypotbenufe and an Angle given, to find the Leg adja- 


cent to the given Angle. 
Example. Inthe Triangle ABC, 
There is given, 


c ACB 74°. 19! : 
* AX ‘AC 49 rs b BC required. 
Auger 0B. The Operation. 1 O€ 
-Astc. AC 49° 48'———--——-—- -—— ——— Log. 9.926890 
To Radius a ——— —— 10,000000 
Sovis fc, ACB 74° 19’ een ergy ae ————— —— 9.431878 
py tt. DU requitedy il 7 4aieres et ———- ———-— 9. 504,988 


Cafe VIL. The Oblique Angles given, to find the Hypothenu/é. 
| Eee In the Triangle ABC, 


C, There is given, 
hat 2 4b. ~ ACB 74° 19° : 
ee BAC 23 30 5 AC required. 
1 ala i ay - Fhe Operation 
’ As Radius — ee ne em nm Log, 10,000000 


Bs, 


To tc. ACB 74° 19° ——-————- = 9.448356 
Sois tc. BAC 23 30—— ee 10.361698 
_ To fc. AC required, 49° 47’ a 19.8100 54 

Cafe VILL .The “Hyyothenufe and one of the Angles given, to find 


the other Angle. 
Example. 


Example. 


In the ‘Triangle ADE, | : 
There is given, . Ny | 

ACB 7Ary’ : Re ti 

AC 49 48 $BAC required. ore ails 


The Operation. 
TO ENON RS SS SSR ret eragrane ae Pear Log. 9.448356: 
_ To Radius —— ——__ _-——-——- 10,000000 
Sois fc. AC 49° 48’ ————---__- —- —- —_— — —— 9.800867 
foac.. BAO required, 23°. 31'—-—— ———- — 10.361 511 
Cafe VX. The Hypothenufe and an Angle given, to find the Leg oppo- 
fite to the given Angle. 


; Example, 
In the Triangle ABC, | c 
There is given, | ! 
BAC 22 38 FBC roses ea 
: The Opperation. = 
As Kadius—— rn ae a ee OOOO 


Rh SO a ae EE I OD. 
Base AQ: 40 mn 0880 77 
To £ BC required, 17° 43’ — 1 9.483676 
Cafe X. A Leg and an Angle oppotite thereto being given, to find the 


Hypothenufe, ifit be known, whether it or the other Leg, or unknown - 


Angle be greater or lefs than a Quadrant, 


Example. | 
Inthe Triangle ABC, » Cc 
There is given, | | WeeN 
BAC 23° 30’ ; en 
BC 17 43 AC required. } Aa 
The Operation, 


* 


Asf. BAC 29° 30/-—— rome name Log. 9.600699 
St ape — 10,090000 
is f. BC 17° 43° ns nem 9,48 3316 
Toff, AC required, 46° 45’—— —— -——- —~-——~-—_ 9,88617 
Cafe XI. ‘The Hypothenufe anda Leg given, to find the Angle oppofite 
tothe given Leg, 


“Example, 


my 5 ae 19’ ) 
A<=_ Jp BAC 23 Bait BC required. 


Example. 
e@ __ Inthe Triangle ABC, 


There is given, | 
— AC se §’ ® 
A<s6 zi BC ss a 6 BAC required, 
The Qheration. 


As f. AC 49° 48’ : 
To Radius = ~— 10,0000000 

Soist BG 17° 43" ee 9.483 316 
To f. BAC required, 23° 28’ ————-— — = 6:600439 

Cafe XII. A Leg andan Angle adjacent thereunto being given, to find 
the other Angle. 


a 


n Example. Inthe ‘Triangle ABC, 
r ‘There is given, 
BC 17° 43’ : 
ec. ACB 74 1 3 hBac required. 
¢ The Operation. 


As Radius ——- ——-—_-—_—---—- —— 

Tof. ACB 74° £9! -—— — 9.983 522 

So asics BC 17 ‘a , S opemmimemne’ te Soeeee 

Tofc. BC required, 23° 30’ 

Cafe XIII. A Leg and an Angle oppofite thereto, being given, to find 

the other Angle; if it be known whether it, the other Leg, or the 
Ey pothenufe, be greater or lefs than a Quadrant. : 
Cc Example. Inthe Triangle ABC, 


SEETRENESES OOS) Ore 


a here is given, 
BAC 23° 36° alana 
A< Is BC ee bacs required, 


veer 

The Brstcrion 
As fc. BC 17° 43’—— ——— ——-—_-—- Log. 9.978898 
To Radius — ——= —~. 16,000000 
BSD IsicaDAC, 23° 30° ————- mpm ress. re 
To f. ACB required, 74° 19 —— 9.983409 

Cafe AIV. The Oblique Angles given, to find either Leg. 
Example. Mea tn ; 
Cc Inthe Triangle ABC, 
There is given, 


Aeon. 


—— Log. 9.882977 - 


———~-—— Log. 0.000000 © 
ea RRS 


—— «9.962420 | 


{ 


The 


Of Spherical Triangtes. . 
| The Operation, 
Asf, ACB 74° 19 << Log, 9.983 522 
-'ToRadius -—— — ——_——— ee es 10,00C0090 
Soisfc. BAC 23° 30‘ 0 recy “= Ui epetar at omnes coretienas 027 Sir 
To fc, BC required, 17° 43’—— rman vo 9.978873 


Cafe XV. The Legs given, to find the Hypothenu/e. 
Example. 


In the Triangle ABC, oC 
There is given, | by AY 
AB 47° 19’: 2: er 
BC Iy 43 bac required, 2 AS las 
The Operation. 
a ee Log, 10.006000 
To fe. AB 47° 19° —— — —— ———-— 9.831 193 
Soisic.BC 17 43——-~—~ —— -—_ __--—— — 9.97889 
‘To fc. AC required, 49° 47’ ——— —— = 19.810093 


Cafe XVI. The Hypothenu/é and a Leg given, to find the other Leg. 


COREG, ee eae 


In the Triangle ABC, precise 


There is given, | < 
| eo" 8 bap required : B 


Lhe Operation. i 
As fc. BC 17° 44’ ——e—— + ——~ ae —— Log, 9.978898 
eo Radius ~ oe Acetate lin drt alo 
edo An tt UNO 
To fc, AB required, 47°21’ —-- —~ ———— ——— — 9,8 30969 


Secr. HL. Of Oblique-angled Spherical Triangles. 
Café I, 
7 Bs Sides, and an Angle oppofite to one of them being given, to 


find the other oppotite Augie; if it be known, whetherthe Angle 
fought be greater or lefs than a Right Angle, 
G 


Example, 2 
re be } 


PoE te a oe ee 


bier 


Of Spherical Triangles. 
Example, 


In the Triangle ADE, 
There is given, 


DES Ay CADE required, 

DAE 37 03 being Obtufe. 

The Operation. : Co. Ar. 
Asf DE 38° 28' — : Log. 0.206169 


To f. DAE 37 03 Palanan eI rr ome 
Sois AE 69 47 —— meme am a 0.972384 
Tof. ADE required 114°.39' —— —— —— ~~ 9.958518 
Café II. Two Angles and a Side oppolite to one of them, being gi- 
ven, to find the other oppofite fide; if it be known whether it be 
greater or lefs than a Quadrant. : 
S Example. 
In the Triangle ADE, 
There is given, 
ADE 114° 38’ @AD required, 
AED 45 ca >being lefsthan a 
AE” 69 47 § Quadrant, 


E 


The Operation. Co, 47, 

Asf. ADE—114° 38’ -- + ae ——~ —— Log. 9.041439 

Tof AE—69 47% ——~ me 9.972384 

Soisf, AED—45 00-——— ——_——- —-——  — 9.849485 

ol. ADrequir'd, 46° 53) — —— ——-—- 9.863308 

The Refolution of this and the former Cafe depends upon the third 
Axiom, 


Cafe Ill. Two Sides and. their contained Angles being given, to 


find the other Angles. 


n 3 Example. 
“5 In the Triangle ADE, 


There is given, 
DAE 37° 03'CADE | 
AE 69 47 < and erequired. 
ER AD 46 53 AEDS 


ee See eee 


PON, 


ee Se ee ee ee ee nee 


Of Spherical Triangles, 43 
The Operation, . 
AE 69° 47’ 
AD 46 53 ' 
Sum, 116 40 half Sum 58° 20° [i 
Diff, 22 54 half Diff 11 27 
DAE 37 03 halt thereof is 18° 31’ 


As fe. + Zcra, AE and AD 55 20 ——-=~— —--—~. —-- Log. c.ovoorr 
faite, cra ——I11 27 a 9.297788 
petste. DAB —— —— 18 31 ———-—- = =~ — 10. 47,5060 
Tot.; X43 D and KE 34 51 —~-- ———— --= —— 79.842859 


eg eects Ab, and-A TD) 58 20 —- ——- Log. 0.279861 
otc cr? mL 27 man ee 9.691259 
So is tc. DAE ———- —18 31 —~ —~——~ ———10.47,5060 
DO towns Dandie 70 40 — 1,0746190 

; Zis Dand K ——— 76 i : 

2 LLS me 34 1 
Sum, 114 40 ADE) ‘aed 
| ‘Rem. 44 58 AEDS ‘Care? 

Having by the fourth 4xiom found the half Sum, and half Differ- 
ence of the Angles; if to that half Sum you add the half Difference, 
the Total is the greater Angle; andiffrom the half Sum, you fub- 
tract the halt Difference, the Remainder is the leffer Angle fought. 

Note; | Ifthe Sum of the two containing Sides exceed a Semiecircle 
then fubtraG each Side feverally from 180,and proceed with thofe Com- 
plements as with the fides given inthe Example aforegoing. The Opera= 
tion produces the Complements of the Angles fought to a Semi-circle. 

Cafe 1V. Two Angles, and the interjacent fide being given, to find 
the other fides, : 


Example. 
In the Triangle ADE, 
There is given, 


DAE 26 23 ‘er 


ADE 137 55% and Srequired. 
AD 81 50(DE : 


G 2 The 


| 
14 
| 


Of Spherical Triangles. 
The Operation. | 


ADE 137 355 
DAE. 26 23 
Sum 164 -% half Sum, —— 82° co’ 
Diff’ 11 32 half DifL—-—55 46 


AD— 81 so half thereof-—-40 55 

Asf{. , Z4s A and D-—-— 82° 09’ -—-. +—+—_ Log. 0004089 
To f. 5. X£s ce 5 46 ——— 9.917376 

Soist, ? AD —— — 4O 55 ———— -——- —-~—— -  9,037887 
Pot. Acre Aland DE 35). sea a 49.8593, 52 


Asfe. ! ZZs A and D —-—— $2 09 

To fe. 3 Kls — w—-—— 55 46 ~-—— ~~ 9.750172 
Sois ti? AD ema AO 5S emer cnn me — 01,0378 8.7 

To t.; ZAE and DE — 74 291 —--—~——~ —-—16.552672 

;'Zer. AE and DE ——74 a1 

+ Xcr4. —~- —35 52°. 

Sum, 110 13 AE . 

Rem. 38 saDESteuired, 

This Cafe is wrought by the fitth Axiom, and the half Sum of the 
Sides added to the half Diffcrence, gives a greater Side; and the half 
Difference fubtraéted, leaves the lefs. B. : 

Note; | If the Sum of the given Angles exceed 180°, fubtraé each 
Angle from 180° and proceed with the Refidues, the Operation will 

& } 2 rE 
produce each fides Compl. toa Semi-Circle site 

Cafe V. Vwo fides and an Angle oppofite to one of them, being 
given, to find the third tide; if ic be known whether the oppofite An= 
gle of the requir’d fide, be greater or lefs than a Quadrant. | 

D Example. | 
. In the Triangle ADE, a ; 
There is given, 
AD 46° Ey And AE required, 
_ DE38 28 being lefs than a 
A ; FE AED 45 00 } Quadrant. 
‘The Operation of this Cafe depends upon the 3¢ and sth Axion. 
Firf, By the 34 Axiom findthe Angle oppofiteto the other given fide, 
Secondly, Having two fides, and their oppofite Angles, you may 
find the third fide by the former part of the 5th Axiom inverted, ee 
oe é 


— ~—-~— Log. 0.864613 


\ 


Triangles As. 
“Abe ek ag The Operation, Co. Ar, 
Asf, AD--—-——46  §3 ~~ Log. 0.135699 i 
Tof, AED — 45 Oo-—- ———~ ——--— —— 9.84948 5 i 
So is f DE——38 28—— — —.<« —-—-— —-»—- —~— 9.793831 - | 
Tof, DAE -- 37) 03 ~+——= ne *9.780015 i 


Of Spherical 


AED 45 ©o in 
DAE 37 03 | \ 
SH eo), O35, sum, 41°) OL” | f| 


HPO. 1 hal 03" 858 dl | 
AD 46 53 , | 

DE 38 28 . Hh | 

: Wifes) 25.4) Dif, 64 1 | 
e olkiue? Co. Ar. if | 
As yee XZs A and E ae 4 58— a tens Eines Teme Log. 1.160044 , 
To f. 3 Zls——-—-— — 41 O1—-———— ——~ —- — 9.817088 a | 
Soist. } Xcr. AD and DE of 12 ———~ ——- ——-—- — 8.865005 | 
Tot.; AE required — 34 52———— — —— — —19.843037 | 
34 52 i | 
Ry se ab | a | 

AE 69 54 required. | 


Cafe VI. Two Angles and a Side oppofite to one of them being given, 
to find the third Angle, ifit be known, whether the oppofite Side or 
Angle required be greater or lefs than a Quadrant, 


D Example, 
: Tn the Triangle ADE, S 
. re ‘There ts given, i ’ 
| DAE 37° 03’) ADE required Ses 
oo AED 45 00 Sbeing Obtute. ” ; 
Pini draws Doha: E38 2284 Ree 
The Refolution of this Cafe depends upon the 34 and 4th Axioms. - ae Ps 
Hirft, By the third Axiom find the fide oppofité to the other Augie: ae ea 
- Secondly, Having the two Angles, and their oppofite fides, the third — Pisict 
Angle may be found by the former Part of the fourth _4yiom inverted. : f 
1G £ : “0.9 . ans " . epeaeneee ae ; ; F “ - The ; 4 & : ; a & 
mn ata Bal? b seetinveeeh cadaevieedstninccly " ‘ + : | 6% | é by : pate 


Of Spherical Triangles. ; 
AS gee The Operation. Co Ar. 
As{, DAE —37 03 ——— Log. 0.22003. 
To f AD 46 53 ma ni 70.8533 
AD 46 53 con 
DE 38 28 
Sum 85.21% Sum 42° 40’ 
Diff. 08 25 + Dilf.o4 12 
AED 45 00 
DAE 37 03 
Dif. o7 57 ' Diff, 03 58 


Asf.i Xcr?, AD and DE 04 12 — oe Log. 1.135263 
EO 13 Zeer, aa —— dO eee me ~ 9.831058 
Sorst, 2.N23 A dnd E03" 58 —— a er ee 
To te. ; ADrequired 57 19 —— Ppa Ril —¥9.807318 
57_19 

114 38 required. 


x 


Co. Ar, 


€a/fé VII. Two Sides, and an Angle oppofite to one of them being gi- 
ven, to find the contained Angle ; if it be known, whether. the other 
oppofite, or the Angle required be Acute or Obtufe, . 
. Example. 
Inthe Triangle ADE, 
‘There is given, 


AED 45° 00') DAE required 
“AE 110 13 Gein Acute, . . 
atu 


AD $1 50 
This Cafe is wrought by the help of the third and fourth Axioms. 
Firft, By the third Axiom, to find the other oppfite Augie. 
Secondly, by the fourth Axiom, to find the contained Angle. 
The Operation. 


, Co, Ar. 


Tof, AED 45.00 ——_ —— ——- ———-. ~___. ——9. 840485 


SoisfAE 110 13 —-——-——~ -+ = 9.972384 
Tof, ADE 137 5§ requircd——— A 


Of Spherical Triangles. 
ADE 137 55. 
AED _45 00 __ 
Difk 92 55 half Diff. 46° 27’ 
er LO. 13 
AD — 81 50 
Sum 192 03 halfSum, 96 o1 
Diff. 28 243 half Diff r4 11 


Asf. = Xcr, AE and A 14° 11! ————— Log. 0.610789 
Toft Zcr*. tia eae eae — 9.997601 
Soist.; X4s Dand E 46 27 —_ ——-—_-— 10,021 99K 
To tc.; DAE required, 43 11 —— ——————~ —- 10.630381 


W301i 
DAE 26 22 required. 

Cafe VII. Two Angles and a fide oppfite to one of them, being 
given, to find the interjacent fide, if it be known, whether the other 
oppofite fide, or fide fought; be greater or lefler than a Quadrant. 

D Example, 
Piet In the Triangle ADE, 


a 
se Ne There is given, ) 
{ — \ AED 45° co’ QAE required, 
Be os DAE 37 03 being lefs than a 
, vE DE 38 28 § Quadrant’ | 


This Cafe is refolved by the third and fifth Axioms, 
Firff, By the third Axiom, to find the other oppofite fide. 
Secondly, By the fifth Axiom, to find the interjacent fide. ise 

wi 0 Ar, 

As f, DAE 3y 03~—~ —— —— ——Log. 0.220034 
Se eh etd 98 en) a 07058 I 

Soisf AED 45 00——-—- —-——--- —-—— ——. - 9 849485 
To f AD — 46 53 meee meme tent commen mening ——— 19,3053 50 

AED 45° 00’ 


DAE LPs : 
Sum 82 03 2 Sum 41° o1 
Diff. o7 57 + Diff. 03 58 

AD — 46 53 | 

DE 38 28 


Diff. 08 25% Diff, O4 12 Co: 


eS ee 


Of | Spherical Triang he eats: 


: oF hs q : Co. Ar, 
Asf.2 ¥Zs A and E———o3 58————————- Log. 1.160044 
Tof.$ Zls———~-» -——-— 41 ofr—— —— —~— ——— — 9.817088 © 
Soist. } crt. AD and DE o4 12 —— = —— —— — 8.86.59005 
Tot. 4 AE required—— 34 52.—--——————— — 79.843037 
yeahs 


69 44 required. 


Cafe VX. Two fides and their contained Angle being given, to find the 
third fide. a 


Example, ; 
In the Triangle ADE, 


There is given, 


: Nhe AIDE, or 34979 sieeap 


bom oy AD 8: 50 ¢AE required, 


The Refolution of this and the following Cafe is deduced from the 
Lord Napier’s Catholick Propofition (the Oblique Triangle by a fuppofed 
Perpendicular being reduced intotwo Rectangulars) by the Ingenious 
Mr, Collins, in his Seftor on a@ Quadrant, whom ‘tn this I shall imitate. 


The Operation. | 
— —— Log. 10000000 


As Radius =----- 


*  'To fc. ADE the contained Arigle 137° 55' —— 9.870503 
So.is t. DE the lefler fide — — 38 28 — 9.900086 


Tot. ofa fourth Arch 


180°, the. Remainder is the Refidual Arch. | 
; AE Co. Ar, 
As fe. of the fourth Arch ——— — 30 3I == — 0064755 
To fe. of the Refidual ——- — 67 39 —- 9.580084, 
So isfe. of the lefler fide DE— ~—~—— —38 28 —~ —-— 9.893745 
To fc. of the fides required, AE —~--110 13 29. 38584 


third Angle, ; 


i Cafe. Two Angles, and the interjacent fide being given, to find the © 


Ex- 


305) 3 ae res ee 
If the contained Angle be lefs than 90°, fubtraét the fourth Arch from 
the greater fide; but it ic be greater than 90°, from its Complement to 


BPA, 37 03 SAED required, 


as 


_ Of Spherical Triangles. 
- Example, 
In the Triangle ADE, 
There is given, 


re) t 
ADE 114 39 


AD 46 53 
The Operation. 


Se aennineeeee ee 


As Radius —— ~~ Dog. 10.000000 
To fc. AD the Interjacent Side, 46° 53° a 9.834729 
So ist. DAE the lefler Angle 34 03 ——~——---—= 9. 877002 
To t.of the fourth Arch <= 27 149 aa ee PONT A Oe 
It the interjacent Side be more than a Quadrant, fubtract the fourth 

Arch trom the greater Angle; if lefs, from the faid Angle’s Comple- 


_ ment to 180°, the Remainder is the Refidual Arch. 


(<] / Co, Ar, . 
As fe, 4th Arch 27 17 — Log.0.051228 


To {cy Refidual 4rch ——-— 38 04 ——————— 9.896136 
So is fe. DAE, the lefler Angle 37 03 — 9.902062 


eee 


To fc, AED, the Angle required 45 00 —.—_-—__--—_= ¥9.849419 

In this and the foregoing Cafe, the Affection of the required Side 
or Angle may be determined by the Refidual Arch. 

‘For it the contained Angle, ‘or interjacent Side, be fefs than a Qua- 


drant, and the Refidual Arch more 3 or when the contained Angle, or 


interjacent Side, is greater than a Quadrant, and the Refidual Arch lefs, 
the side or Angle required is greater than 90%, in all other Cafes lefs, 


Cafe XI. ‘Three Sides given, to find an Anghe, 
Example. 
In the Triangle ADE, 
There is given, D 
(o Bie BY) ‘ : oe 
mE 110 13 
AD 81 50 SADE required, 
DE 38 28 
A E 
The Solution of this Cafe depends upon the 57h Axiom, and for 
the more fpeedy Operation, take this brief Direction, - 


_Add the three Sides together, and from their half Sum fabtraét the 
Side oppolite to the Angle reaabed, 3 


ee 


a Of Spherical Triangles. 

Then to the Comp. Avithmetical of the Logarithm Sines of the con- 
taining Sides, add the Logarithm Sines of the half Sum and Remain- 
der, half the Total of thefe four Logarithms is the Sine Complement 


of half the Angle required. 
; The Operation. 


AD 81 500. The containing? S Co. Ars 6. | 
DE 3828s Side SS Cte aes 
AE 110 13-$%S5um 115° 15’ S | 9.956387 
Sum, 230 31 Rem. 05 02 S __ 8.943174 
zSumirg 15 Sum 19.110157 
Rem. 5-02 fc. 58° 57° 2 Sum 9.555078 


Which being doubled produces ADE 137° 54’ required. 
Café XI. Three Angles given, to finda Side. 


Exaniple. 
D In the Triangle ADE, 
i ~~ There is given 
‘| SZ : 
or ; ~ ADE. 13 > 55 
rs AED 45 00¢DE required. 
bas in -DAE. 26 23, 
A . 4 : 5 | ; 
This Cafe. is likewife performed by the 674 Axiom, the Angles being 


converted into Sides, and the Sides into 4ygles, by taking the Comp. 
of the greateit 4ugle toa Semicirele,, 


_ ADE 42 05 U The adjacent? S Co. Ar, 0.17378 | 
es . nuke te 2 ST ce eee Co. Ay. Be 
DAE 26 23 + Sum, 36° 44’ S 9.022272 
Som p3 25 Rem. 30° 27 9 9.703532 
2Sum 56 44 fae Sum 19.950108 
Rem, 30 21 fc. 12 IE «Sum 9.975054 


eS Which being doubled, gives DE 38 28 required. 


If the greater Side AE. were required, the Operation would pro= 
duce the Complement thereot to a Semicircle, which fubtracted from 
180°, it: leaves the Side fought, 


CHAP. 


E. 


CHAP. V. 


ion Doétrine of Plain Triangles applied in ProzeLEMs of 
¥ | PLAIN SALLING.. 


Sect. I. The Application of Right-angled Triangles in Plain Sailing, 
Lthough the Ground and Projeétion of the Plain Chart be 


erroncous, yet feeing it is more facile to the Learner, and 
f. i may ferve as an Introduction to what is more difficult, it {hall 
not be omitted. 


PROB. I. The Courfe and Diftance given, to find the Difference of 
Latitude and Departure. 7%; , 
Example. A Ship failing NE by N. 372 Minutes; I demand her 
Difference of Latitude and Departure. | 
Plate 1. Fig. 4. 


In the Triangle ABC, 
- AC reprefents the Diftance failed. - 
AB the Difference of Latitude. 
BC the Departure. 
BAC the Angle-of the Courfe from the Meridian. 
ACB the Compl. of the Courfe, 


The Operation. For the Difference of Latitude: 
- As Radius : ———= — Log. 10,000000 
To the Diftance failed ——-——-._ 72") ——-. as 7, 570543 
So is fc, of the Gourfe ——--——- 33° 45’ ——-——-———. 9.919846 


To the Dif. Latitude —-—— 309 ——. £2.4.90389 


for the Departure, 
As Radius a ee Lor, 0.000000 
‘To the Diftance failed. —--—- 379" ——-——-—~ 9.570543 
Sois S. Courfe + 33° 4.5! ae —— ——_ 9.744730 


Vo the Departure ———--——~ 207) ——- ——-—_ 2.315282 


PROB. H. The Courfe and Diff. Latitude being given, to find the 
Diftance and Departure. 
_ Example. A Ship failing NW by N, until her Difference of Latitude he 


eee 7707) 


he 309, I demand her Diftance BAS Departure, 
se 


52 . Plain Sathung. ‘ 


The Operation. For the Difiance. Plate, Fig. 2. 
As fc. of the Courfe ——— 33° 45’ —-— Log. 9.910846 
To the Diff. Lat. — —— 309 -————-—— —- 2.489950 
So is Radius ee = _10,000000 
To the Diftance failed ——- 372 —— ———— 2. 570113 
For the Departure. Co. Ar. 

As fc. the Courfe —- 33° 45° ——~——~ —— Log.o.o8ors4 ~ 
To the Diff, Latitude 309 ao a 2.489959 
So is f. Courfe 33 744739 
To the Departure ——--—- 207. ——-— 2.314852 


PROB. III. The Courfe and Departure given, to find the Diftance 
and Difference of Latitude. : 
Example, A Ship failing SE by S. until her Departure be 206, [ 
demand the Diftance and Difference of Latitude. — 
The Operation, For the Diflance Plate 1. Fig. 3. 


As {, Gourfe ————— 33°. 45' —-— 7 Log. 9.744739 
To the Departure —- 206 re ea 


10.0C0000 
SS 


To the Diftance ——- 372: —-—- = 2 §09128 
For the Difference of Latitude. Co. Ar. 

As f, Courfe 30 Ag ea Log. 0.25 5261 

To the Departure —~ 206 — —— 2.313867 

_ So is fc. Courfe 330 45 ae 9 9198.46 

To Diff. Lat. 309 ——-—— —— ¥2.488974 


PROB.IV. The Diftance, and Difference of Latitude given, to find 
the Courfe and Departure. } | 
Example, A Ship fails between the North and the Eaft 372’, until 
her Diff. of Latit. be 309’, I demand the Courfe and Departure. 
The Operation, For the Courfe. ‘Plate 1, Fig. 4. 


As the Diftance failed ——-. 372’. ——-——- Log. 2.570543 
To Radius =~ woeceewanat Soman 10.00c0d0 
So isthe Diff. Lat. -—--—- 309’ ——— hte DOO sG 


To the fe. Courfe —— 33° 45) ———» ——- ————._ 79.91 9416 
For the Departure. 
As Radius 


To the Diftance 
So is the f,, Courle —-— 33° 450 ——— > 9.744739. 


nce tic preemie eee 5 an 
To the Departure 207 rt eee TP ROB 4 


————s Se 


: Log. 10.000000 
990! a 2.57543 


ee Plain Sailing. 53 
PROB. V. The Diftance and Departure given, to find the Courfe 
. and Difference of Latitude. 
Example, A Ship fails between the South and Weft 379’, until her 
Departure be 207’; I demand the Courfe and Diff. of Lat. 
' ‘ Plate i, Fig. 5. 


= 


| . The Operation, For the Courfe. 

As the Diftance ——— -——— 372' — ———~ Log. 2.570545 

To Radius ——-——- —— —— ——_ ——-. ——.----._ 0,000 065 
— —— -——- 2, 

So is the Departure 267 -2.31.5970 


Wo the S,-Courle ——- 33° 45! ——= ——- —— 9.745437 

For the Differevce of Latitude. 
_ As Radius se  —— Log. 10,000000 
To the Diftance —--——--_—.._ 372 een 2.570545 


So is fe. of the Courfe —— js San, 6 aecrmenteme rrae eit er 
To'the Diff Latitude —~ —~ 309 ———__ —_-___ 42.4.90389 


PROB, VI. The Difference of Latitude and Departure given, to find 

the Courfe and Diftance., 
Example, A Ship failing between the South and Weft, until her differ. 
Lat. be 309’ and her Departure 207’, I demand the Courfe and Diftance. 
Plate 1. Fig, 6, 


The Operation For the Courfe. 
As the Diff. Latitude 309' ——-——-—— Log. 2.489958 


To Radius — ee 1 9,000000 
So is the Departure ——_-——.. 904’ —___-____— 24315979 
To the t, Courfe ———~ 33° 4s: — 9.826012 


| , . For the Diflance. : 
As f, Courfe —-—~——._. 33° gg Log. 9.744739 


To the Departure ———— 907’ ——___. _ 2.315970 
So is Radius | SS - —— 10.000000 
To the Diftance —~—___.379 Se ee eae 


PROB, VIL. This Problem fhews the manner of working a Traverfe, 
and is very ufeful in keeping a Reckoning by Plain Sailing. 
Example. Suppofe a Ship bound to a certain Port, and fhe fails thi- — 
ther, SS W. 40 Minutes, then S W. 60 Min. then S by E. 63 Min. 
WSW. 49 Min. then SE by South 56 Min. I demand the Difference 
of Latitude and Departure the Ship hath made, with the direct Courfe 


The 


and Diftance, 


oe el 


\ 


The Operation, For the Difference of Latitude of the jieft Courfe, 
As Radius — 
To. the Diftance 


tn a ee en ne re em TO) OOOO 


ee ee 
me me a em 102060 


54 . Plain Sailing. | : 


So isfe. of the Courfe — 22° 30’ ——- —~ —-——--— 9.06 5615 


To the Difference of Latitude 36 ——- ee £1, 50707 5 
For the Departure of the firft Cour/e. 


- As Radius — <T S S See e 
To the Diftance — 40' Sa os a 


So is f. of the Courfe o25 3d) oT t_ 9.582.839 
‘To the Departure «5 required —- —. ——- -——~ ——_ 1.184899 
Then repeat the like Operations for each of the other 4 Courfes, and 


we 


place them in the fame Order as in the following Traverfe Table. 
The Traverse Tastr®. 


Courses. Lift | North Sourh|Baft | Weft 
SSW. 40 EAR baal fy 2 
South Weft, | 60 | 42 42 
A South by Eaft. | 63 61 | 12 
WSW. 49 18 45 
SE by 8, 59 | 46. -| 31 
203 | 43 [102 
a ag 
£99 


The Explanation of the Table. . 
For the placing of the Difference of Latitude and Departure in their 
proper Columns, obferve, ‘That if the Courfe be North, the Difference 
of-Latitude is put in the North Column 3 Wit be South, in the South 


Column ; and if the Courfe be Eafterly, the Departure is put in the. 


Fait Column ; if Wefterly, in the Weft Column. - 

Thus having fram’d the Table, add up the North, South, Faft, and 
Weft Columas, whereby the Diff. of Lat. appears to be 203’ S, becaufe 
there is nothing in the N. Column; the Dep. 59’ Welt, becaufe fo 
miuch the W. Column exceeds the Eaft: By which. Dif of Lat. and 
Dep. find the dire€&t Courfe and Diftance as follows. 

: The Operation, For the dire# Courfe, 
As the Difference of Latitude 203 | 


APo-Radins oO ee 10.COOCOO 
mir is Cte ye arturo: $0: erent — — —~ 1.7708 52 


To the T. of the Courfe 16° 12’ § W. became 9.403356 - 
the S and W. Columns exceeds the N and E, _* or 


——~ 24307496 ° 


Se OS ee ee 


an ta ti ne 


Se FOP ee ee 


a ey NE ee ee ee 


4 eg 
H 


Plain Satling. 55 
Bor the dire Diftance, 

As fe. of the Courfe ——~-— 16° 12’ -——=-————- 9, 982.404 
To the Difference of Latitude — 203 ——~— ——~2,307496 
So is Radius ———--—— : 
To the Diftance required, which is 211 Miles 


a a ern ed et aererea nd | MOK SOaCIOG) 


RR an ai 
— 2.32 5092 


Secx. Tl. The DoGrine of Oblique Triangles applied in Problems of 
3  Plain-Sailing. =~ 
PROB. I. sf FS: Ships fail from the fame Port, the one fails ENE, 
es 40 min. the other EdyS fo far, until the find the firft 
Ship bear NW by HW. I demand the fecond Ship’s Diftance from the 
Port, and the Diftance between the two Ships, Plate i. Fig. 8. 
In the Triangle ADE, 
A reprefents the Port, 
AD the ENE Courfe, and AF the E dy-S. Courfe. | 
Hence there is given the Angle DAE three Points, or 33° 45! (the 
Angle contained between ENE, and E ly S.) and the Side AD 40 
Miles, and the Angle AE, D contained between W by N. (the Courfe 
from EF, to A) and NW by W, (the Courfe trom E to D) by Cafe the 


_ firft, to find the Sides A E and DE, 


The Operation, To find AE..the fecond Ship’s.Diflance from the Port: 
Co. Ar, 
As f. AED 22° 30) mmm Log. 0.417168 

USB) SESS SIE 2 IEE Soe a oie lM SES ser 
So is f/ ADE. ———— 123. 45 ——~——-— 9.91 0846 
To Side AE; —— ——= —— 87 ———-—— —. ——.11..939067 


To find the Diftance between the Ships DE. 


| Co. Ar. 
Asf{, AE D —-——--——- 22° 30’ ———— Log. 0.417165 
To AD —-——~ ——- —— 4o ————-—__--—____- 1.602060 
So is f, DAE ————— 32 45 ———--——- a oe Oa ao 


To DE ——~ —— -—— 58 —--————— 111.763.9600 
PROB. II. Suppofe there are two Ports that lic Eaff and Wef one 
from another: One Ship fails from the Weftermoft Port NE 41’, 
the other fails from the ajfermof? Port 80°, and meets with the firft 
Ship: I demand the Courfe fteex’d by the fecond Ship, and the Di- 
ftance between the two Ports, Plate 1. Hg 

' a 


a ie Sane a ae 


Plain Sathing. 
Let A reprefent the WVe/lermo 
E the Eaflermoft, - Fon 


AD the Courfe and Diftance of the firft Ship, 
D the Place where the Ships meet. 


The Operation. To find the fecond Ship's Courfe, by Café 2. €o, Ar. 


As DE ———— 50 — Log. 8.095910 
To f, DAE ——~—~ 45° 00° ——————-—-——_ 9.84948 5 
So is AD ————_ =. —_- 41 -_—- —— ——- 1.612784 
Tof. AED —-~ —~ 21 14. — Tare ag ADS 57179 


The Courfe is N. 68° 46’ W. or WNW. a little Wetfterly. 
To find the Diffance between the two Ships, by Café 3. Co. Ar. 


As f. DAE 45° 00! Log. 0 150515 
Wo ED -+———.-—_. —_.. 80: a 
So is f, ADE.“ — = 113 640. —_-— 9.961 513 
To AE 103 — F201 5118 


PROB III. Suppofe two Ships fet fail from a certain Road, the 
one fails S by E. 20 Min. the other SS W.25 Min. I demand their 
Bearing and Diftance from each other. Plate 1, Fig, 10. 

In the ‘Triangle ADE, | 
A reprefents the Road, 

AD the firft Ship’s Courfe and Diftance, 
AE the fecond Ship’s Courfe and Diftance. 


The Operation. To find the Bearings, by Cafe re 


AE 25 180° 00’ 

AD 210 DAT (33046 
Sum. 45 146 15, 'Z4s ADE and AED. 
‘Dif, of rch Ov cheaters 


Co. Ar. 
As Zert, AE and AD 45° ——~ —— —— ———— Log. 8.346788 
To their Differ. —— c5§ 0.6 98970 
“Soist. 2 Zés D and E73° 07’ ———- -—-——- ——- 10. 517833 
To t.% their Differ, 20 06 memcmmn ame am 9.565591 
*'ZLs 73° o7' , RF taee 
- 2 Xls20 06 
Uso. OR 15 ADE 


Dif, 53 or AED 


wee CS eee 


The 


| Plain Sathing. By 
The Bearings of the Ships are N. eafterly 75° 31’, and S, wefterly 
ws? 31’, or ENE. 4 E. and WSW. 2 W. nearly. 


To find their Diflance, by Café t. Ch hee 
Asia HD — 53° O1' - ok Log. 0.097556 
<4 We AD ge 20 ee 1.301030 


So is f. DAE 33 45 -——-- 
To DE —-—— 14 


PROB. IV, A Ship fails from a certain Port SSH. 68 Min. and then 
72 min. more Eatterly, but is forced back, by foul Weather 82 min. 
to the Port trom whence fhe firft fet fail; I demand what Courfe fhe 
fteered from the fecond Place to the third, and how fhe failed back 
to the firft Port. Plate 1, Fig. 11. 

Let A reprefent the Port, 

F, the fecond Place. 

D the third Place. 


9.744739 


ee 


43525 


The Operation. 
To find the Courfé from the fecond Place to the third, by Cafe 6. 
De 82" 


AE 68 
Sum 150 
ie WE Fe 
As DE the Bafe ———-—_—-. 7.’ ————-_—_._ Log. 8.142668 
~ Yo Zcra, AF and AD — 150 —~~———+»—_-— 3.176001 
So is the Difference 
To X Segments of the Bafe — 29 ——~——--—_-___.__¥ 1.464887 


— 14 ———— — —- — 1146128 


DE rae tee Ee — 72! 
Segment 29 Segment — 29 
DitE — 43 dum 108 


Patino ats. of 2h. .s EB fs hi SSumseh DB uo. 4 
As AE, ———— 68’ —-_--_--—--.__- ——. Log 1.832508 


To Radius —— CO se 10,000000 


To fc, AEB, or AED, 71° 34° ———~+-—__- ——-—.. 9.499932 


The Courfe from the fecond Place to the third, is NE. 49° 04% 
or NE, 3 &, almoft, 


I oa BE. 


rhe 


Of Currents. 


t Wie 5 To find the Courfé back to the Port, Co. Ar 
As AD 82 min. . ——- -———- —— Log. 8.086186 
Pont A EDs 70 32ers ne 0.977125: 
‘Sois A E 68 min. a ee rt ee 83509 
Toft ADE 51° 53’ —-—--— Oe oe PON RTS 
The Courfe to the Port is NW. 79° 03', or W- by N. alittle W.erly.. 


OfCURRENTS. 

When a Ship fails in a Current, her Motion is compounded of two: 
Motions, viz. the apparent Motion of the Ship, which is known by: 
the Compafs, Log, &. and the Motion of the Current, which if 
known eee bent you may eafily find the true compound Motion 
of the Ship 3 or ifthe Current’s Motion be not known, you may a 
it if you do but know how far you are deceiv’d, »/%. how tar, and 
which way, you are unexpectedly carried. As for Initance, 


Oucftion ¥. 
A Ship fails 5 Miles an hour, S by W. for 16 hours, in a Current that: 
fets 3 Miles an hour, W by S. | demand the Courfe and Dift. made good. 
Ia the Triangle ABC, there isgiven, ABthe Diftance failed 80 Miles,, 
S.bv W.and BC the Current’s Motion 48 Miles W. by S. and the Angle 
ABC ten Points, 112° 30’, to find AC the Diftance made good, and. 


| ry Nenmmncae ras, 


the Angle BAC the true Courfe. Plate 1. Fig, 12, 
And firft for the Angle BAC, the Courfe by Cafe the fourth, of Oblique 
Plain Triangles. 
Side AB — 80 From —— —— 180° 00’ 
Side BC — 48 Subtr. Angle ABC 112 30 
Sum 728? Refts Sum of the Angle — 67_3° 
Difk —— 32 half Sum —---——-33_45. | 
| Co. Ar. 
As Sum of the Sides AB and BC, | 128 ———-——— 7.892790 
To their Difference 30 nm OG 50° 
So t. half Sum of unknown Angles ERO arerae 9.824893 
Tot. half their Difference 020s 9.222833 
To the half Sum ae | 
_* Add the half Difference 929 
The Sum is ACB | 43 14 the greater Ang'e. 


Subt. the Diff BAC =—-24 16 the lefler Angie. 


- Bi sn _ ¥ 
ee ee ee Ne ee 


Secondly, 


ee 


etre Of Currents. 59 
Secondly, To find the Side AC, by Cafe the firft. 


Co. Ar, 
As Sine of the Angle BAC - 24° 16' —~ 0.386175 
To Side oppolite BC eee ee 1.681241 


4 . 
So Sine of the Ang. ABC 112 30 —~-—---—-+-—__ 0.96. 561.5 
To Side oppofite AC 108 2.033031 
‘To AB South by Weft 11° 15 
Addthe-AngleBAC * 24 16 
The Sum is the Conrfe 35. 31 
‘The way made good is 108’ S. 35° 31' WW or SW. by S.1° 46" Wefferly. 
Queftion 2. Plate 1. Fig. 12. 
Suppofe three Ports, A, B, and C, a Ship at A, tteers South by 


Weft 80 Miles, and expecting to arrive at B, he finds himfelf at C, a | 


Port diftant from A 108 Miles, South 35°. 31’ Weft, being deceived 
by a Current. I demand which way the Current fets, and how fat, 
fuppofing the Ship fails five Miles an Hour. 

In the Triangle ABC you have given, the Side A B, the Diftance 
failed by the Log 80 Miles, South by Weft, and AC the Diftance made 
good 108 Miles South 35° 31’ Weft, and their contained Angle CAB, 
24° 16’; to find the Angle ABC, the Courfe of the Current, and BC, 
its Race, which becaufe it’s found by Cafe the fourth and firft, of Oblique 
Plain ‘Uriangles, and performed exactly in the fame manner as the tore- 
going Ouefizon is, I thall leave the Operation tor the Readers Practice. 

‘The Angle ABC will be found to be.112° 30’, or ten Points, which 
reckon’d from North by Eft, the Courfe frem B to A, it will be found 
| Weft by South, and the Side BC 48, the Currents Race in the Time 
that the Shiptatls 80 Miles, which at five Miles an Hour, is16 Hours; 
fo that'the Current fets three Miles an Hour. : 

Butfuppofe you know, or Have formerly found the Current’s Courfe 
‘and Race, and know the true Bearing and Diftance between the Ports 
igiven, and defire to know what Courie you muft ftecr, and how many 
-Miles you muft fail by the Log, to arrive at the defired Port, 

uefion 3. 
A Ship at A bound for C, which bears from A South 35° 31’ Weft, 
408 Miles off, but knowing there is a Current that fets Welt by South 

three Miles an Hour; I demand what Courfe he mnft fteer ‘by the Com- 
pals, and how far he muft fail by the Log, to arrive at his Port at C, 
the Ship failing five Miles an Hour. Plate 1. Fig. 12. 

Here is given, AC the Diftance of the Ports 108 Miles, and the pro- 
portion of the Sides AB and BC, o as § to 3, becaufe the Ship eu 

2. JIVE 


pl 


WMercators Sailing. 


Give Miles an Hour, from A toB, while the Current fets three Miles 
an Hour from B to C, you have alfo given, the Angle ACB 43° 14’. 


Therefore by Café 2. Co. Ar. 
As Side AB 5° = 9.301030 
To its oppofite Angle ACB 43° 14° ——~——_ 9.83 5672 
So Side BC 3 O47FII 

To its oppofite BAC 24° 16'—— 49.01 3823 

Angle ACB 43° 14° «From 180’ 00" 

Angle BAC 24 16 Subt. 67 30 

Sum 67 30 | Reft APC 112 30 
Then by Cafe the firft of Oblique. Co. Ar. 

As Sine of the Angle ABC 112° 30' ——--——-_ 0.034.385 
To Side oppofite AC 108 ——~—--———-_ 2.033424. 
So Sine of the Angle ACB 43. 14. ——--—— _ 9.835072 
To Side oppofite A B $0 —— —— ¥1.903481 


The Diftance failed AB is 80 Miles, the Rate of Sailing ts 5 Miles 
an Hour, Divide 80 by 5, the Quotient is 16, the time the Ship fhould 
fail from B to A. 

Likewife, Multiply 16, the Hours that the Ship is failing, by 3, the 
Miles the Current fets in an Hour, the Product 48 is the side, BC 
the Current’s Race, the Truth of which may be proved by a Cannon. 

As Sine ACB, To Side AB; Sois S. BAC, To Side BG tage 

Then from the whole Angle, that the Line AU makes with. the 
Meridian —— 35° 31° 4 

Sabtr. the Angle BAC ———- ——— 24 7 

- Refts DAB the Courfe fteered S by VW. —— it 15 

The Diftance by the Log. AB 80 Miles. 


_ ‘There are other Curiofities in Current Sailing, but thefe bein the 
moft ufeful, we forbear to enlarge. . 
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CHAP. VI. 


es The Dofrine of. Plain Right-angled Triangles applied in Problems of 
Las Mercator’s Sailing. 
% HE true Sea Chart, commonly call’d Mercator’s Chart, ( which 
is the ufeful Invention of our Countryman Mr. Edward Wright, 
although this Stranger has got the Name thereof ) performs 


the like Conclufions, and almoft in the fame Manner for Hale, and yet 
| most 


a 
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moft exactly 5 becaufe all Places may be laid down upon this Chart, with 


‘the fame Truth as upon the Globe, both as to the Latitude and Lon-— 


gitude, Bearing and Diftance from each other. 


PROB. I. To find the Meridional Difference of Latitude, or the 
_ Difference of Latitude in Meridional Parts. 

Firfi, Ifone Place be under the Equinottial, and the othérin North 

or South Latitude, the Meridional Parts (in the Table. of Meridional 


Parts) anfwering to the Degrees and Minutes of the Place’s Latitude is - 


the Meridional Difference of Latitude. , 

Example. One Place in the Latirude 37° 27’ North, the other unde 
the Equinoctial; I demand the Difference of Latitude in Meridivonal 
Parts. . | 

Lat. 37° 27’ —— 2.426 
2426 isthe Merid. Diff. Latitude. 

Secondly, If two Places be both in North or both in South Latitude, 
fubtract the Meridional Parts of the lefs Latitude irom thofe of the 
greater, the Remainder is the Meridional Difference of Latitude, 


Example i. M. Pis. 
One Placein the; Vatitude:372 20" Nea errr oars 
The other in the Latitude 17 10 N 1046 
Fhe Meridional Diff Lat. Louie 
Example 2. M, Pts. 
One Place in the Latitude 45° 56’ S 3110 
The other in the Latitude 29 17 5S 1839 
The Merid. Diff. Latitude bio 


Thirdly, If one of the two Places have North Latitude, the other 
South, add the Meridional Parts of each Latitude together, the Sum 
is the Difference of Latitude in Meridional Parts. - 


| Example 3. M. Pts. 
One Place in the Latitude 42° 17'S 2805 
The other in the Latitude 27 19 N L706 
"The Meridional Diff, Latitude - 4510 


PROB, II. One Latitude, Courfe and Diftance given, to find the 
other Latitude, Departure and Difference of Longitude. — 
Example. A Ship in Latitude 42? 12' N. fails SE. by S. 397 Miles; 
I demand the other Latitude, Departure and Difference of Longitude. 
In the Triangle ABC, | | 
Ac repretents the Diftance, 


ore 


Plate 2, Fig. 1. 
| Ab 


Mercator’s Sailing. . 
Ab the Difference of Latitude. 
bc the Departure, as in Plain Sailing. 
AB the Meridional Difference of Latitude. 
BG the Difference of Longitude, according to the true Chart, com= 

monly called Mercator’s Chart. 
The Operation. To find the Departure. 

As Radius ---——-~ at 90° 0’ 10.CO0000, 
To the Diftance Ac 307 2.598790 
So Sine b Ac the Courfe -—— 33" .45' 9.744739 


‘To bc the Departure ——- 220 6 ¥ 2.343529 
To find the Difference of Latitude. 

As Radius | sot nt oe O) 10.000000 

To the Diftance Acc — —_——— 397 2.598790 


So Sine A Cc b Comp. Courfe seine BS Ce rade t li A 56° ry" 9.919846 

To Difference of Latit. A b —-——--—— 330 £2.518636 
Jo fied the Difference of Longitude. 

42° 12’ Merid. parts——-—— 2798 


Latit. failed from 


Diff. Lat. ee ee 

Lat come to—=—>- is ee gab gg ierid 5 panies eee 

Meridional Difference of Latitude —_—— 42% 

As Radias ——— ——— go° Oo’ ———--—— 10 coceco 
To AB Merid Diff. Lat. —— 428 — ——— 2.651444 
So Tang. BAC the Courfe . 33° 45° ———_ 9.824894 
'To BC the Difference of Longitude-—- 286 —=— 42.450338 


Which reduced is 46". 
PROB. I. Both Latitudes and Courfe given, to find the Diftance, 
Departure and Difference of Longitude. * 35 
A Ship fails NW. by N. from Lat. 36° 42’ N. to Lat. 42° 12’ N. 
T demand the Diftance, Departure and Difference of Longitude. 
Latitude 42° 12' Merid. Parts 2768 : 
Latitude 36 42 Merid. Parts 2370: Plate 2. Fig. 2, 
Merid. Diff, Latit. 42d : 
The Operation, To find the Difiance. | 
As Radius’ terete 90°, 0’ ——--——=_ 10000000 * 
To AB Diff, Latitude ——-—--- ——= 330 oom 2.518514 
So Secant of bAc the Courfe ———— 33°) AS oe 10.0808 54. 
To Acthe Diftance ————_————=_ 396.9 ———— 2.593000 
= Lo 


—_— 


Mercator's Satling. Cy 

: To fiud the Departure. 

As Radius ———=" em 90° 0! ——<———= 0.000050 
To the Diftance A c ————~—-—- 396. 9 =~ 2.598681 
So Sine b A c the Courfe pam 58 AS a 0.74.47 399 
To bc the Departure 220, § —=-—-——— 2. 3.43420 

To find the eee of Longitude, 


As Radius ~« en 90° 0! 10,090000 
To AB Merid. Diff. Lat. —~ 428 wm 2.651444, 
So is Tangent BAC the Courle ————= 33° 45’ 9.824893 


~ 


To BC Diff. Longitude 286 ———~ 12.4, 50337" 
PROB. IV. Both Latitudes and Diftance given, to find the Courfe, 

Departure and Difference of Longitude. 

A Ship fails in the SE. Quarter 397 Miles, from Lat. 42° 12’ N. to: 
Lat. 36° 42’ N. I demand the Courfe, Departare and Difference of 


Longitude. 
Lat. 42° r2' Merid. Parts 2708 
Lat. 36 42 Merid. Parts 2370 Plate 2, Fig. 3¢- 
Merid. Diff. Lat. 428 


The Operation. To find the Courfe: 

As Ac the Diftance — . rs 397 —— 2.598790 

To Radius ——-———--— ——— (0° 0 10,000000 

So Ab the Diff, Latitude — Pa 330 eR ST Sia A 

To Sine of Acb Comp. Courfe.——--— 56° 15! —-——9.919724 
To find the. Departure. 

2 nt 90" 0! en 1. ,000000 


= ~ 2.598790 


Ais Radius 
ee nce Ae 3 397 

_ So Sine b Ac, the Courfe ——= 33° 45’ ——--——9.744739 
To be the Departure 20,6 ee 2. 343579 

| - Yo find the Difference of Longitude. 

As Radius ——— fi ts otal le os" Oo! —-——_ F0,000000 
To Merid, Diff Lat. AB net 428 = 2.631444. 
So Tang. of BAC the Courfe-——-—— 33° 45' ~ 98248 93 


ToBC ve Longitude —-—--—— 9.36, mene rnc 2.4, 56337 
PROB: — 


64 — Mercator’s Sasling. 
PROB.V. Beth Latitudes and Difference of Longitude given, to 
find the Courfe, Diftance and Departure. p . 

A Ship fails from Latitude 63° 55’ North; and fails into Latitude 
§9° 12’ North, her Difference of Longitude 4° 7’; I demand her 
. Courfe, Diftance and Departure. Plate 2, Fig. 4. 

Lat. 63° 55’ Merid. Parts 5028 ; 
Lat 59 12 Merid. Parts 4433 
Diff Lat. c4.43 Mer. Dill Lat. 595 
60 
Diff Lat. in Miles 283 _ 
Diff, Long. 4° 7 
60 


Diff. Long in Min. 247 
The Operation. - To find the Courfe. 
As AB Merid. Diff. Lat. —— ——— 505 ————~ 2.9974 517 
To Radius —— 60° 0 10.000000 


So BG the Dit. Longitude : 247 pice eee 2.392607 
Sho: bane: DAG the Gourle-— ss 22.32 —— —— 91618180 


To find the Dfance. 
As hadias ee ——-——-——. 90° 0' —--—1,000000 
To Ab the Diff. Latitude ——-— 283 ——--—-—. 2.451786 
So the Sec. of BAC the Courfe —-—— 22° 32' 10 034489 


To Ac the Diftance 306.4. —~— 42.486275 

To find the Departure. | 

As Radius ———_—_ —_- —- go° 0! —--——~= 10,009000° | 
'To Ac the Diftance ————_- ——- 306.4 ; "2 486289 4 
So Sine bAc, the Courfe ——- 22° 32 —— 9.583449 

so" he, bathe Depaitare ——-— oe 42,009733 
) Or ‘ ; | 3 

As Radius ble ergs Donia ee A go° 01. ——~--—= 10,000000 
To A b the Diff. Lat. Sie 0 3 es 2.451786 
So Tang. bAc,’the Courfe 22° 32! ——-— 9.617939 
'To be the Departure = 117-4 42,009725 

PROB, VL One Latitude, Courfe, and Difference of Longitude gi- 

ven, to find the other Latitude, Diftance, and Departure. 


| Mercator’s Sailing. a2) 
A Ship in Latitude 35° 56’ North, fails SE. by E.-half KE, and 
makes Difference of Longitude 7° 42’. I demand the other Latitude, 
Diftance and Departure, | 


742) 
. 60 
oe 462' Diff. Long. 
The Operation, to find the otber Latitude, 
As Tang. BAC the Courfe ——- 61° 53’ ——-_—-—— 10.27210953 
To BC Diff. Long. ——— 462 — 2.6646420 


Plate 2, Fig, Se 


So Radius —— —— 90° 0! ——-——--———._ 10.0000000 
To the Merid. Diff Lat. AB — 24% i——= ——— 23924468 
Lat. failed from 35° 56’ Merid, Parts ES 313 
Merid. Diff Lat. fubtraét —— —— -——— ——~ —— 343 


Refts Merid. Parts for Lat. come to 32° 32” ——- —— 2066 

Yo jind the Diftance. 
As Radius —-_~—-__ 90° op’). —-—--_-_—. ___ — 10.0000000 
To Ab the Diff. Lat. —— 204 —- —— ——~ 23096301 
soreccant-bAc the Courfe.61,, 93) a 16, 30675 16 


To Ac the Diftance — 432.9 ——_-— mm 12.636 3617 
- Yo find the Departure, ts 
As Radius re JOM OT a) Later ew FO.0000000 


To A b the Diftance 432 a ni a 25365875 
Beeb Ac the Courle 61° “9403s 9.9454636 


To the Departure bc — 381.8 ae BIE 


PROB. VII Both Latitudes and Departure Bien: to find the Courte, 


‘Diftance and Difference of Longitude. 


There are two Ports, one in Latitude 57° 3’ North, and the other 
Latitude 61° 10' North, and by atrue Reckoning, according to Plain 
Satiing, the Weiting made good in failing from the Southermott to the 
Weitermoft, is 200 Miles. I demand the Courfe, Diftance, and Ditte- 
rence of Longitude between them, 


Lat. 61° 10’ Merid. parts 4670 Plate 2. Fig, 6. 


__ Lat. 57 03 Merid: parts 4188 
Diff Lat. 4 ¥ Mer. Diff Lat. 482 
i O 


| 247 
A K : The 


rn 2 a egies 


74. 7 A Traverfe in 
_ The Operation. To sind the Courfe. 
As Diff, Lat, Ab ——-.—--+ —~ 247 ——_— —— 2.3926069 
Moy ee hy ee er 
So Departure bc 


—— + — 10,0000000 


4 


To Tangent bAc, the Courfe -—~ 39° of —— —— 9.9083451 


To find the Diftance. 

As S. A cb Comp. Courfe —— STi 9.890 5026 
To Diff. Latitude Ab ——~ -—— 247 Ho ile A 12.3 926069 
PLONE IALS ees gs lea =—- 10.cocecco: 

‘To the Diftance Ac — —— 317.8 —-—-——. 2.502143 
To find the Difference of Longitude. 

ASR adits ma ———g¢ =—— I0.C000C00 
To the Merid. Diff Lat. AB 482 —— 2.08 30470 
So 1s Tangent BA C the Courfe —_-— 39° O! mme— 9.908 3602 
To Diff of Longitude BC = 390 —=- —— ¥2.5014162 
There are other Problems, that are frequently and indeed proper! 

Rank’d amongft the Quefticns in Mercator’s Sailing ; Neverthelefs, be= 

caufe they relate only to Sailing in the fame Latitude, viz. upon an 

Haft or Weft Courfe, we thall here diftinguith them by the Name of, 


Parallel Sailing. 
A Ship in the Latitude of 60° 0’ North fails due Weft till her Diff, 
of Longitude be 7° 17’; I demand how many Miles fhe hath failed, 
7:17 | 
60 
Diff Long. 437 
The Operation. Plate 9, Fig. 7, 
As AB Radius +. —_ ge? of —— —=- ——. 10,00000¢0. 
To BC Diff. Long. - 437 —— 2.690981 4 
So is Ab, the . Comp. Lat. 36° 9 —~ — ——__ 9.6089700 
‘To bc the Diftance 218.5 4263 304514, 
See the Demonftrations of the Proportions 'ufed in this and the two 


— 


following Problems, in the Ufe of the Plain Scale, Chap. 11, in the | 


latter Part of this Book. 


PROB. The Parallel of Latitude and Diftance between two 
Places given, to find the Diff. of Long. Plate 2. Fig. §, 

A Ship in the Latitude of 42° 10! fails Weft 397 Miles, I demand 
the Difference of Longitude, E | | 


ey a 


| Parallel Sailing. | 45 
~ As Sine Comp, Latit, Ab 42° 10! —— $+8699326 
To the Diftance be —— —— 397 —.____ 2. 5987005 
Sea aes | bi 90° Of ~—— 10.0000000 
Lo Ditf. Long. BC ——~ ——~ 5356 —__ _= 2.7288579 
PROB, IIT. The Dift. and Difference of Longit. between two Places 
in the fame Lat. given, to find the Lat. Plate 2. Fig. 9 
There are two Places in the fame Latitude, their Dittance 597, and 
Difference of Longitude 769, I demand the Parallel or Latitude, 
A\s BC the Difference of Longitude —~ 769 —_.____ 2.88 59263 
To Radius AB — 


TF 90°. 0! meme TO, O00 OD 
So is bc the Diftance S597 me OT OF 43 
To A b Sine Comp, Lat. ——~ 30.4 — 9.890040 
The foregoing Prob. in Mercat, Sailip g, tuftrated by aPragical Example. 
There'are two Ports, one in Lat. 40° oo! North; the other in Lat. 
43” 25' North, the Difference of Longitude 04° 52’, the Southermoft 
Port being the Weftermoft, A ship at the Northermott fails SW. by S. 
47’, then SSW. = W. $1, then S, by E. + E. 62, then WNW, 4 W. 
61, then WSW. 2 W. 51. I demand, 
1, The Courfe and Dittance between the two Ports, 
a. What Laticude the Ship is in, | 
3. What Difference of Longitude fhe hath made, 
- 4, What Courfe and Diftance the hath made good, from the fr4 
Port failed from, 
5. What is the Courfe and Diftance to the 2d Port, the Port bound for, 
Lhe Operation, To find the Courfée between the two Ports. 
Tat, ——--- 43.05 Merid. parts ae 


Lat, 40.00 Merid. Parts 2623 
Lat. Diff—— 3.25 Mer. Dit. Lat. 274 
As Merid. Diff. Lat. AD —a 274. we —— 2.4377 505 


Fah Ol ae 10,0000000 


sa 46.49. Gio 76bo a 
To find the a Re hs 


Plate 2. Fig, ro, 


By 4049 —— 9:83 52688 
Rae oo eae ae eS 
TEE go®. 0’ Pena FO. CedG000 


99. 2.47648 50 
he Courfe from the Northermoft Port, to the Southermoft, ts South 


46° 49’ Weft, or South Weft 1° 49’ W, the Diftance 299.5 Miles. 
ue K 2 ‘Then 


_ : | 
i} 


76 A Traverfe in 
Then for the firft Courfe South Weft by South, 47’, _ 


To find the other Latitude, o 
——————= 10,0000900 


As Radius —— —— 90° o . 
To the Diftance — —— —— 47 ————- ——— ———_ 1.6720975 
So Sine Comp. Courle fc. = 133 45 gop a 9.9108 464 
To the Diff. Lat. 39. 51 9442 

Latit. failed from 43° 25’ Merid. parts 1897 

Diff. Lat. fubtr. 0; 39) | 

Lat. come to 42 46 Merid. parts 2544 

| Merid. Diff. Lat. -53 
As Radius —— —— 90° o’ —— — 10,0000000 
To Merid. Dif. Lat. — — ———- 1.72425 
So ‘Tang. Courfe ates 33 cL ALR Re eae oSagsone 
To.Dif. Long. — 4 -— bh. 52 y 

The Second Courfe aw. half W. 5% min. iad 
To find the Difference of Latitude, and Latitude come to. 

As Radius ——— 90° of ———— ————=_ 10.0000000 
To the Diftance I —_—— —— 1.707 5701 
So Sine Comp. Courfe fc. 28.7 - i$ ——- — 9.04545 36 
To the Diff. Lat. 1105303; 

Lat. failed from 42° oe Merid. parts 2844 ¥ = : 
Diff. Lat. fubtr. 0 45 | 
Lat.cometo - 42_—sI:-: Meri. parts’ 2783, 

gi 4 Metrd. DifhcLar Or ' 


As Radius 90° of — —— 19.0006000 
Tothe Mer. Differ. Latitude 61 ————--——--——- ——-_ 1.79 53208 
So Tang. Courfe 280 7 — ———-— - — —_ 9.727048 
To Diff Longitude ——— 32 6 —— = £1.5131346 

The third Courfe S by E. 4 E. 62 Miles. 
To find the Diff: Lat. and Lat. come to. — 

As Radius - -—-— eomaerey ———_ 19,CO9c000 
To the Diftance ——- =. 1.7923916 
So Sine Comp. Courfe fe, ——14_ gf’ ——  — — —_0 98677758 
To Dif, Lat. ——— - £1.77 91094 

Lat. failed from 42° 1’ Merid. parts 2783 
Witt, batefabtrse7> 1.0 | 
Lat. cometo 41 1 Merid. parts, -. 2700 

: . Merid, Diff, Lat, ie) 


— 


ews 6) 


—— 60.1 ———— 


| Mercator’s Sailing. | ? 75 


As Radius 
To Merid. Diff. Lat. 80 = ———_ —— 1.40 30900 
So Tang. Courfe —— —— 14° 4! —-—.—-——. 9.39891 91 
To Diff. Longitude | #1,3020091 

The fourth Courle WNW. 2 W: 61. 
To find the Diff. Lat. and Lat. come to. 


20 —~-——_-—- ——- 


As Radius ——a—= 90° 0! a 10,0000000 
To the Diftance Po = 1.78 53298 
So Sine Comp. Courfe fe. — 75° 56° — 9.38 56969 


Yo Diff, Lat, —--—_--—— 14 8 —--———_ ¥1.1710267 
Lat, failed from 41° Ol Merid. parts 2703 
Diff Lat. add Oneal bx 
Lat, come to 41 16 Merid. parts 2723 
Merid, Diff. Lat. 20 
As Radius ao 90° 0’ ——~--——_ 19.0000000 
To Merid. Diff. Lat. ————-20 —— ——— ——— 1,3010400 


So Tang. Courfe —-—— 75° 56’ ———- ——-._ 10. 6010809 
To Dif, Long. —-—-~——~— 78.8 —— £1.G021109 


The fifth Courfe WSW. 2 W. 51. 
Lo jind the Diff. Lat. and Lat. come to. 


As Radius 


——-——-—— 90° 0! ——- ——- ———_ 10,0000000. 
To the Diftance me 97075702 
So Sine Comp, Courle fo, ~—— 70 19 ——-_—-_-—._ 9, 5273997 
To Diff, Lat. 7 m7 ee £12 349099 


Lat. failed from — 41° 16’ Merid, parts 2733 


Diff Lat. fuber. ORLY. | 
Lat. come to 40“ 59’ Merid, parts 2700 | 


, Merid. Diff. Lat. 23 
As Radius ——-——-——--——._¢0° 0 ~— —~- -—--——-. 10, 000000 


To Merid. Diff. Lat. ——— 23 a 1.3617275 
So ‘Tang. Courfe ——-————. 70° 19’ —.-_. 10.4464 523 


a 


To Diff Longitude. — 64.3 ——- —— 1r1.$081801 


To find the Courfe and Difiance made good from the Port firft failed from, 

Make a {mall Table, as you are taught in the Ufe of the ‘Tables of 
the Difference ot Latitude and Departure in the latter Part of this Book, 
only this confifts of feven Columns, as below. 


~ Courfes 


ea ai 


ee 


Bh iS a nl Ee ig | 
ay | 


= 


A Traverfe in 


Courfes. | Diff.) Lat. Diff.) Lat. Diff.| Long. 
a 7179 
SW. by S. “47 142.46) > 304 | So oe 
SO Wee W.5t Ma at | agp) 92 
S. by Ei’ i EL} 6a 4anl a) ef Gon 20 
WNW.2W. | Or jar. 1648] |_|. 78.8 
WSW. t w.| st O39) | aya | 63 
a Se 61.4 PUIET 

i ER eo ce N egeer 

le ee PE OWL 


The firft Column contains the Courfes, the fecond the Diftances, 
the third the Latitude come to, the fourth the Difference of Latitude 
Northerly, the fifth the Difference of Latitude Southerly, the fixth the 
Differenee of Longitude Eafterly, and the feventh the Difference of 
Longitude Wefterly, which is thus found, . 

Obferve the Latitude and Longitude of the Place failed from, and the 
Courfe and Diffance failed; and then, by Caf t. of Plain Sailing, find 
the Difference of Latitude, and by Prob. 2. of Mercator, find the Diffe- 
rence of Longitude, as you fee in the Operation of the firtt Courfe, where 
you find the Difference of Latitude 39 min. and the Difference of Longi= 
_ tude 35.4; and becaute the Courfe is between the South and Weit, I fet 
the Difference of Latitude 39.1 in the South Column » and the Difference 
of Longitude 35.4 in the Weft Column, as you fee in the Table; alfo 
fubtracting the Difference of Latitude 39! from 43° 2 5', the Latitude 
failed from, the Remainder 42° 46’ is the Latitude come to, which I 
place inthe third Column, under Lat. and fo proceed to the fecond and 
third Courfes, €c, and having found the Difference of Latitude and 
Longitude, and placed them all in their proper Columns in the Table, 
add up each Column alone, as you fee in this Example, where the 
North Column is enly 14.8, the South Column 161.4, which being the 
greatett, I fubtract the Northing 14.8 fromit, and the Remainder 146.6 
d fet in the South Co!umn for the South Latitude made good; dothe 
fame by the Haft and Weft Co!umns, and you have the Longitude made 


200d, whichinthis Example is 191.1 Weft Longitude, which divided by 
60, gives 3° 11’, Alfothe Difference of Latitude 146.6, or rather 147 di 
vided by 60 gives 2°27’, which fubtradied from the Latit. fail’d from, 
gives 40° 58° the La#, the Ship isin. And thus you have both Latitudes 


and 


a a ae en 


| Mercator’s Sailing. 09 
and Difference of Longitude, to find the Courfe and Diftance fuiled 


from the firft Port, by Prob. 2. of Mercator’s Sailing. i, 
As Merid. Diff. Latitude AB —— 198 —--— 9.2066652 He 
To Radius — — 90° 0’ —— 10,00c0000 1) 
So Diff. Longitude BC —~ — ——-—— 191 — ——— 2,2810334 ce 
To ‘Tang. Courfe — — ie 


: To find the Diftance failed. 
As Sine Comp.) Gourfe 1) _=— 43° 58) ———— 9. 85719479 
To Diff Lat. A b —~ —~ —~ —~ p47 -~- -—— 21673173 | 
So is Radius Pa ep a OE el (FE Rego : 
To the Diftance A c ———-—— — 204.2 —— —= 2.3101394 et 
Then to find the Courfe and Diftance from the Ship to the Port ny 
bound for, you have given the Latitude and Longitude the Ship isin, ~ | 


43° 58’ —— °9.9843682 | 


viz. Lat. 40° 58’. and Lat. of the Port 40° 0’; the Diff of Longitude hl 
between the two Ports is 4° 52’ of 292’, the Dil of Longitude made ; Hy 
by the Ship is 191, which fubtracted from 292’, refts 101, the Diff. 


Longitude from the Ship tothe Port reprefented by the Line EM. i | 


ee 
—sn rr rr re a aS Ts ee 


Lat. 40° 58’ Merid. parts 2699 
Lat 40 co Merid, parts Lape 7 
Dif Lat. o 55 Meric, Diff. duats 26 
As Merid. Diff. Latitude C M 76 ————- ——~ 1,8808136 
To Radius —— —— 90° o’ 10,0000000 


So Differ. Longitude E M —— 
To Tang. Courfe ——_ —— 


To find the Diflance. 
As Sine Complement Courfe {c, ——= 53° 2’ — ce  9.7791275 


To Difference of Latitude CL —~ 58 a 1.763420 


1Of ——~ ——— 2.0043214 
oY 10, 1235073 


DeAAdius ——.,.—- 90° oO’ —= 10,0000000 
To the Diftance CR — 96.5 -—— ~1.9843005 


From the Ship to the’Port bound for, is South 53° 2’ Weft, or South 
Weft almott ¢ South, the Diftance 96.5 Miles, or 96 Miles and a half 
reprefented by the prick’d Line CR. 

_ This Method of Working by a Canon, is the moft exact, and the 
Foundation of all other Methods of working. Neverthelefs,a Traverfe 
may be wrought, and an Aecount of the Ship’s Way kept with fuifi- 
cient Exaétnets, both in Latitude and Longitude, only by the Tables of 
| Difference of Latitude and Departure, as will be plainly taught when 
we come to fhew the Ufe of thefe Tables towards the latter of the 
Book, and the true Projection thereof you will have in the Ufe of the 
Plain Scale, &c, : How 


80 Mercator’s Sailing, without Mertdional Parts. 
How to work any Quefiion in Mercator’s Sailing, without a 
Table of meridional Parts. 


UT the Learner’s Inftruétion, and (if poffible) to invite all Ma- 
§ ) riners to the frequent Ute of Mercator’s Sailing ; I thall incert one 
Proportion, which may well be called the Catholick Proportion in Mer- 
cator, becaufe by it allneceflary Cafes in Mercator may be refolved ; and 
it is thus’ performed without a Table of meridional Parts. 7 
As Log. Tangent 51° 38’ 9" (viz. 10101510) To ‘Tangent Courfe 
So is the Difference between the Log. Tangent of half the Complement. - 
of the two Latitudes, to the Difference of Longitude. 

You need not regard the Degree, viz. 51° 38’ 9" (becaufe the Tang. 
of itis always 4 ftated Number, to work with, and is cafy to remem=, 
ber; for ifyou ferit down by two Figures together, ’tis 10, 10, 15,10, 
the firft 10 being the Characteriltick, the reft ftand as you fee abuve. 

Now if one Latitude, Courfe’ and Diftance be given, to find the 
Difference of Longitude, the Terms ftand as above. 
‘ Example. 
A Ship in Latitude 50° 10’ fails South South Weft half Weft, 1650 
Miles, I demand the Latitude come to, and Difference of Longitude, 
Firft, find the Diff, of Lat. by Café the firft of Plain Sailing, 
As Radius 90°. O° “we EO0000nGmmE 
To ic ance — ea 165.0 ——-——-—_ 32174839. 8 
So Sine-Comp. Courfe fe. — —~—- 28.7 SEE oa eO 9.945 4636 
To Difference Latitude (435k Tee 

‘The Difference of Latitude 1455’ or 24°45! fubtracted from 59° 10’, 

gives 26° 55’ the Latitude come to. . 4 . 
50° 10’ Comp. 39° 50 half Comp. 127 55) ‘Tangent 9.559997 
25° 55’ Comp. 54 5 halt Comp, 32°. 24 ‘Tang. = 9:7 90451 


| Dif. 2373.94 


res to the Right-hand, 
Decimal being 9, Ladd 


From the Difference 237394, cut off two figu 
and you have 2373-94, but the firtt figure of the 
1 to the laft figure of the Number, and make it 2374, and proceed by 
the foregoing Proportion. ste: 
4° 9*As the Common Tangent ——- = 

eb apvent Coun’. ke 28° 
So is Diff. of the Tangents ——~ 237+ 


: ——~ 10,J01 510 
——-_ 3.375480 
1 3.103285 


To Diff Longitude peewee OA Se a cos s 


% 2g 


q 

ae 

S| 
g 


| Middle Latitude Sailing. Sr 
Or the Proportion may be altered, and fuited to any other Cafe in 


Mercator’s Sailing ; as uf both Latitudes, and Diff. of Longitude were 
given, tofind the Courfe it would be. 


As the Diff. of the Tang. of half Complement of the two Latitudes, 


To Diff. of Longitude, So is the common ‘Tangent 10,101,510, To Tang. 


of the Courfe. 


Or if both Latitudes, and Courfe were given, to find Difference of 
Longitude it will be. | 
- As common Tang. 10.101 510, ‘To Diff. Tang } Comp, of the two 
Lat. So Tang. Courfe, To Diff. Long 8c, But thele Varicties we fhall 
leave tothe Reader’s Practice, 7 


Middle Latitude Sailing, commonly called Mercator’s Sailing by 
Middle Latitude. 


f * HIS, as well as Mercator’s Sailing fappofeth the Earth and Sea 
to make one entire Globe, and 1s grounded upon this manifett 

4@. ‘Truth derived from thence, that the Semidiamiter of any Pa- 
rallel of Lat. is in Proportion to the Semidiameter of the Equinoétial, 
as the Sine Complement of that Parallel is to RKadius,-and becaufe the 
Circumference of all Circles are Proportionable to their Semidiameters, 
the Circumference of any Parallel bears alfo the fame Proportion to the 
Circumference of the Equino@ial ; and becaufe there are the fame Num- 
ber of Degrees cf Longitude in any Parallel that there are in the Equi- 
noctial, ic will follow, that the Miles in one Degree of Longitude in the 
E’guinoctial, vz, 60, are in Proportion to the Miles tn one Degree of 
Longitude-in any other Parallel, as Radius to the Sine Complement of 
that Parallel; and hence to reduce Miles iafting or Wefting in any Pa- 
rallel to Difference ot Longitude, or Miles Kafting or Wetting in the Exgui- 
noctial, the Proportionis as Sine Complement of Latiude to. Radius 
fo the Eafting and Wefting (commonly called Departure) to Difference 
of Longitude. 

This is abfolutely exa@ if you fail Eaft or Weft (as hath been thew’d 


in Parallel Sailing) and fufficiently fo,if you fail upon an Oblique Courfe, » 


provided you take the Middle Latitude between the two extream Lati- 
tudes (trom whence it is called Middle Latitude Sailing) which is found 


_by adding both Latitudes together, and it they are both Nort# or both 


South, halt their Sum is the Middle Latitude, &c. ~ 
Note; If there be an odd Minute in the Sum of the two Latitudes, 
take always the greater half of the Sum for Middle Latitude, 
ay L ‘ Example 


S ee 
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Middle Latitude Sailiag. 
FEximople. Ove Latitude, Courfe and Diflance given, to find the Orber 
Latitude, Departure and Difference of Longitu.te. 


A Ship. in Latitude 50° 00'" Sails SH. by S. 88 Miles; I demand 
the Latitude come to, with the Departure and Difference of Longitute. 


aGi. Lay down the Triangle GH, as you are 
} taught in the ule of the Plain Scalein Plain 
Satling with the Sine of the Comp. of Middle 
Lat. in your Compafies, and one Foot in G,- 
| draw the Arch LM, till the Line LM be 
= ™ ¢qual to 1H, and thr.ugh L draw GLK ; with 
the Sine of yO in your Compafles, and one 
} Footin G, deferibe the Arch KO, the Line 
so KO meafured on the fame equal. Parts trom 
Mi which you projeded the Queftion, gives the 
Difference of Longitude required, 


To find Arvithmetically what is required, 
Firfi, By Café the firft of Plain Sailing. 


As Radius G —9o° of ——— 10.C000090 
To the Diftance GI -+~—~— 88. ———- + = 9444877 


So Sine of the Courfe IGH 33 45———~——-————_. 9. 7447390 
To the Departure 1H ——— 49 —--—_— —21.6892217 


As Radius ——_— -—— —~—_._. 90? O! wane mene ——— 10,0099000 © 


—S-— 


Ho thesDiftances7G] —— 31399 = ae 0444827 
80 S$. Comp. Courfe GIH —36 15 ——~ —__—.—_—. — 9.91 98464 
To Diff. Latitude GH 730 —— 5 1,8643291 
Diff. Lat. 73’ or 1° 13’\Lat come to 48° 4y’ ae 
Latitude failed trom —§ 50 00 
Sum 98 47 
_ Half Sum or Middle Lat: 49 24 


; Yo find the Difference of Longitude, 
As Sine Comp, Middle Lat. ——49? 24’ -—— ~~~. 08134305 


To Radius —— ———-—-——— 90 0O——~ — 10.0000000. 
So Departure = - Se 49 meee ea 1,6901961 


To Difference of Longitude——— — 75 —~--——= ~- — 1.876 76.58 
| ™ Or 


To 


a eee 


— Middle Latitude Sailing. 


Or the Diff. of Long. may be thus found, 
-Firft, as in Cafe the firft of Plain Sailing, with 
the given Courfe and Diftance, lay down the 
Triangle GHI, and having found the Middle 
Lat. which in this Ex:mple is 49° 24', draw 
the Line IR to make an Angle of 49° 24’, with 
the Line IH continue GH till te cur IR in R, 
then is GI. the Diftance, the Angle. IGH 
the Courfe, GH the Dift. of Lat. 1H the Depar- 
ture, and-the Angle HIR the Middle Latitude, ¢ 
HRI the Ccmplement of Middle Latitude. 
Hence is Demonttrated the Proportion by which 
we have found the Longitude, for As Sine of the 
Complement of Middle Latitude H RI, To De- 
parture 1 H, So ts Radius, or the Right Angle 
IHR, To the Difference of Longitude IR. 


R 

And inthe Oblique Triangle GIR, Co, Ar. 
As Sine Comp, Middle Latitude [RH—4o° 36’ —~ —— 0.1865697 
To Side oppofite GI the Diitance —88 —— -—~——-1.9444825 


So Sine Courfe IGR ——-— 33 45 —-— ——9.7447300 
To Side Oppofite IR, Diff Long. - 75 ¥1.8757523 
By this Method you may project and Anfwer all the ufeful Cafes in 

Middle Latitude Sailing, as fuppofe both Latitudes, and Difference of 

Longitude were given, in Fig. 2. drawthe Line GR, and atR make 

the Angle GRIT, equal to the Complement of Middle Latitude, and fee 

the Difference ot Longitude from R to I, and let fallthe Perpendicular 

IH, Then fet the Ditierence of Latitude, trom Hto G, and draw IG, 

and then is the Projection finithed. “Ihe Angle IGH is the Courfe, GI 

the Dift. and IH the Dep. And by Arithmetical Calculation it is, 

As Radius, toRI Dit. Longitude. So Sine of HRI the Comple- 

ment of Middle Latitude, to H [ the Departure, us 

- And as GH the Difference of Latitude, To Radius; So HI the 

Departure, to Tangent of HGI the Courfe. 

And, As Sine of HGI the Courfe, To IH the Departure, So is 

Radius, to 1G the Diftance. 

But tor the Operations, in this and other Varieties of this kind, I 

_fhall leave them to the Reader’s Pra¢tice, fuppofing that what hath been | 

faid may be fufficient to introduce the Learnerinto the further Know= 
ledge of Middle Latitude Sailing; and is as much as our intended Bre-~ 
 -vity in thefe new Additions to this Treatife will permit. 

! ip yp! CHAP, 


CHAP. VII. 
| The Dottrine of Spherical Triangles, opplied in PROBLEM 8 s of 
Great Circle Sailing, 


‘though it be hardly poffible for a Ship exaétly to trace out the 
Arch of a Great Circle, yet it may be of Advantage to keep 
conveniently near it, efpecially i tn a Parallel (or Kaiti and Wetty 


Courfe. 

PROB. I Two Places differing only in Longitude. ! 

Example. A Ship being inthe Latitude 50° North, is bound’to a 2 Pr wrt 
‘in the fame Parallel, whofe Difference ot Longitude Wetterly is 47°5 
I demand the Angl es of Pofition, the Diftance in the Arch a a Great 
Circle, by what Latitudes and Loagitudes the Arch fhall pats, likewile 

the’ Courfe and Diftance: from 

Place to Place, according to 
_ Mercator. 

Let A reprefent the firtt 
Place, E the fecond, 
The Operation. 

"To find the Angles of Per 
fition, BAD and BED. 

The Oblique-angled Tri- 
angle ADE is reduced into’ 
two Equal Right-angled Tri- 

angles ABD and EBD, the Sides and Angles being Equal; therefore, 
in either ofthem there is given the Hy pothenafe, and the Angle at Dy; 
to find the Angle at A or E, “ if 

In the Triangle ABD... y has 


As tc. ADB——-—23° 30/—~ ———— Log, 10. 3616581 
To Radius ba ae Re ar le ae TE A ee 
So is fc. AD AC CO a 0, $8.42540° | 


teri tc. BAD —71t 35 — ——-§ —_ 9. 5275559, 
2. Vo find the Diftace AE, " 
In the aes ABD. te 
As Radius————_---__—_—. ————— Log, 10.000608060- 
To f. DA—— 40° 00’ -——  —— —— 9, 808067 5 
Sos {| ADB+—---—-2 3 30——emnn a ee — 9.6006997" 
Tof AB——— 14 Se en se Ang Bae 
AB————14 51 being Foublea; produces 
AE ——~—29 42, or 1782’, 


pas Es 


see 


So eee, 


ect Sah Be 


| a7 33 | ee RBG TG 
_©°The Complement ot BD (to 90°) 52° 2s°is the greateft. 
| Setdndly, ‘Yo-find the Latitude by which the arch pafles at every five — 
| Degrees of Longitude irom A, you mutt refolve the feveral Right-angled 
Triangles, BDa,.BDc, BDe, Ese. 
Subtracting 5° from ADB 237. 30' 
There remains aDB 1% 
. Subtradting 5° fromm aDB 18! 
Remains -— BBer 14 
And fo for the reft, as following in the Table: 
go\In the Triangle aBD, 


To find by what Latitade the Point (a) paffts, 


As Radius ———~---- ——= ~ Log. 10,0000000 . 
Totc. BD 37° 35h -10,1937129 

30 |So is fc. aDB—-18 | 30 —~+~ -+~+--—-. — 9.9769 566 
3°} To te. Da-—39 04 + 10,0906688 


Thirdly, Vraving the Latitudes and Longi- 
a 05 00 | 50. 55 |tudes by which the Arch ‘pafles, ‘you may find 
6 PO OO! | oe obRR He Brae aia Diftance from Place to Piace 
ef p 4 OO {SDA 06! by Mercator. | wi 4 
fea BOE. Q oe amet ORE cl fey OE | ) 
BBS. 00':| 52 .24.°)So to find the! Courfe: and Diftance Aa,'there 
he 39 YOD- | 52-14 [ ‘is given both: Latitudes, so° ‘North, and 
1110315 1.60 Piva . aa ‘50° 56 4 North.” RLING i | 
k 49 00 Typ 2012 SUI OF Qarbroses = webwignod bas eobur 
boas 00 24 jAnd the Differnce of Longitude 5° Weft. 
desi Wy diag oh ; . The 
AB eae 


H 
- r 
’ 


i Manel 


5 Yt Great Circle Sashing. 
The Meridional Difference of Latitude is 87 Minutes. 
For the Cour/fe. +i 
As the Merid. Diff. of Lat, ——— 87, —-—-— Log. 1.9395192 
To Radius —_— -—- $ 10,0COC000 © 
So is the Diff. of Long. —- =-—— 300 ——  ——~ —— ———=2.4771212 
To t. Courfe-——-—— 73° 40! ———-—- 105376020 
For the Diftance. ind Ae) ohm 
As Sc. Courfe — 75° 49" Log. 9-44.51 553 


To the Dif. of Lat). ——~—-~— 56 —-—--—-—- —__ 1.7481 880 
Sois Radius —— sa ae eee 1OOCOG00 
To the Diftance _ 2.,3030327 
After the fame manner you will find the Courfes and Diftances a c, 
c e, &3¢, as they follow in the Table. : | 


oS 


ie 


Places. | Courfes Dipances' 
From Atoa |N W 73° qo! 2CcO- 
From atoc |NW 97 TS 1§9 
From ctoe |NW 8&1 28 1$5 
From e tof [NW _ 85 or | 184 
From f tog |NW-< 80 22, 180 
From g toh. |S W 86 45 179 
Prot ito CVS WwW vs? 58 187 ! 
From i tok !S W 78 4t 181 
From ktol |S W <75 14 196 
From ltok |S W, 72 5h ost 


a 


But in regard moft of the Courfes afore found are fo near the: Weft, © 
you may fail W.N.W_ 917’ until you are in the Latitude of 55° 51’ Ni 
and then W.S.'W. 917’ further, you will arrive at your Port. By — 
this means you will alter your Latitude almoft 6°, and the Diftance is — 
but 52 more.than that of a great Circle, and not above 22’ more than — 
the Parallel or Weft Diftance. i aeeiallaa 30. 30 Se 

PROB. IL. Two Places differing both in Latitude and Longitude. . & 

Example. Suppofe the two Places st. g in one Latitude, 36° North, — 
the other in the Latitude 50° North, the Difference of Longitude. bes — 
tween them 68’ Eafterly. I demand the Angles of Pofition, the Diftance — 
in the Arch, the Latitudes and Longitudes by which the Arch pafies, — 
and the Courfe and Diftance from Place to Place, through thofe Lati- ‘ 


tudes and Longitudes, according to the true Chart. on 2S 


ee 


Great Circle Sailing. 
Let A reprefent the firit Place, in the Lat. 36° 


E the fecond, in the Lat. 50°. 
| The Operation. 


iff, To find the Ang. of Pofition , 
| Inthe Triangle ADE. 


‘AD 54 00 ADE68 00 
DE 40 cohalf ADE 34 09 
Sum, 44 00 halfSum, 47 00 
Diff, 14 oohalf Dif 07 oo 
| ° 4 Co. AY, 
Asf.4 Zcr?. AD and DE 47 00 -——— Loz. 0.1358725 
Wort + Xcr3. = OF 00 = 9.08 5894.5 
So istc. z ADE ———-—. 34 00 = -— 10.171 0126 
Tot. X4s A and E———13 52 pean ta 97999277908 

r 


IAs {c. 4 ‘Zcr*. AD and AE—47 60 —— —— Log. 0.1662167 
fe Oe eC O07 Sore 
—— 34 00 ——— =~ —10.171012 
7 .) Zés A and E——65 08 —~-——-=———-————— 10.3339 00 
A 2ZLs 65° 08’ } 
| Kes 13 52 | | 4 
Sam—79 00 eke oe Angles of Pofition. 
(tom —oss 16) DAE a . 
Secondly, To find the Diftance. In the Triangle 4DE. ey 
leis Suey che x, Ar. 
ef, ZED ———79 00 — —— ——-—-Log. 0.0080534 
To f, AD —-—— —§4 00 —— ——— ———_ = 9.9979579 
Sois fi; ADE————~-68 0 ——. 9.967 1059 
Te f AE— 4. ete cece Cm —— ¥ 9.88 31759 
The Diftance is 49° 50’, which reduc’d into Minutes make 2990". 
Thirdly, To find the Latit. and Longit. by which the Arch pafles. 
Iathe Right-angled Triangle ABD. 
As Radius——-—— — Log. 10.00000c0 
To f, AD——-————— 54°. oo!’ —- — —— ——- —— — 9.907 9576 
‘0 ist; DAB ——-——- —-—51 © 16 —. ————- —— ~~ 9.892119 


| {, DB a a 3907 mn a 9.500089. 
ae DB a 39 Peace 7 ba 


“ 
BA,” geri Fe alas és 
vy we ‘ ty 


m faaiaie + afte 4 ev ra ks 
i as 


Se ee a = 
ae 


Great Circle Sailing. 
07’, whofe Comp. 50% 53’ is the greateft Latitude. 
4b find the Vertical Angles ABD, and BDE. 


DB is 39° 
Seconaly, 
{n the Right-angled Triangle ABD. 


As tc. BAD —— 
To Radius 

So is fc. AD—--—---——--—54_ 9 
To tc. ADB—— » 77353 
From —~——- ADE. 68° 00! 
Subtract -——— ADB _53 46 
Remains -BDE 14 “14 


ne ED STD ee 


9 —— = 9.78.92187 


51° 16’ Log. 9.9042325 
= 10.0000000 


. 


46 ————$—$ 9. 8649866 


Thirdly, To find the Latitudes by which the Arch pafles at every 


five Degrees of Longitude from A, you muft re 
angicd Triangles BDa, BDb, BDe, €2e. « 


ADB -53° 46 
A 


Subtract five deg. irom 
Db 48 46 


There remains 


, Subtra&ing five deg, ‘from 48 46 
| Remains———----_ + —2 RDB: 43 Ave 


So of the reft in the following able. 


BDa a 46 |? BDb- 13 46-7} : 


fr a 
BDb 43 46 BDi 08 46 
BDe 38 46 BDk 03 46 
| BDd 33 46 BDI o1 14 
| BDe 28 46 BDw c6 14.4 
| BDf 23 46 BDn ii 14 
BDg 18 46 | 


In the Triangle @DB, to find by 
WAN , Point 4. 


Aste DBs 39° 07" Log. 9.101766 
| _ -¥6.6000000 


nee tee 9.9087936 


eal | ARE SE OE 


~ To Radius ——- —=— —— 

' Sois fe. aD B— 
To tc. aD————— §9 56 

Whofe Complement 39° ol’ 


16) re ed 5 


isthe Latitude at 4. 


b, ¢, B, € €3e. as in the fubfequent ‘Table. 


a 


+ \* \ fy nhs OP We ~e 
~ " 


what Latitude the Arch pafies at the 


After the fame manner are found the Latitudes of feveral Points 
Fourthly 


folve the feveral Right=" 


AP 
‘i 


% 
q 


Oi oo a — bo re 
% ii .. 


Great-Circle Sailing. 86 

Longict. Fourthly, Having thus the Latitudes and 
‘ | 0c” | Longitudes of the Arch, you may find the 
Courfes and Diftances from Place to Place, 
according to Mercator. 

So to find the Courfe and Diftance 
A a. 

Both Latitudes are 36 degrecs and 39 de- 
grees 1 minute, 

The Difference of Longitude 5 deg. 

‘The proper Difference of Latitude 183 
minutes. 

‘The Meridional Difference of Latitude 228 
minutés, 


ie Sesh Por the Courfe. 
As the Meridional Diff of Lat. - 228! meant Log, 2.3 579348 

'To the Radius ==". a eo 10,0000000 
Sois the Diff. of Longitude «300 ——_ 2.47712 12 
To the tang. Courfe 52° 4.5’ —— Log. 10.1191864 
| For the Diftance, 
B As fc, of the Courfe-——-—_-____“ 5° 4S ee — 9.78 10664, 
To the Difference of Latitude-- 181 —< —_. —__ —_~ 2.2570786 
BM Mn cl ites Oy eh 10.C000009 
To the Diftance 299 ————— 2.47 57122 
After the fame manner you may find the Courfes and Diftances 4 4, 
(bt, 4, &c. as they follow in the Table. 
| “Places 
From 4 toa 
From @ tob 
From 0 to ¢ 
From ¢ to 4 
From 4 to e 
From e to f 
From / to g 
From gto 4 
From & to z 
From 7 tok 
From & to / 
From / to 
From wm to 7 
From 70 E 


fhe SY ™ FM ada TH ® Ao FD 


CHAP VIN, o 
The Dottrine of the Sphereycontaining fundry Aftronomical Des 
finitions avd Problems wfeful inthe Att of Navigation. 


Seer. J. Afirenomical Definitions. 
4 HE Poles of the World are two fixed Pointsin the Heavensdia-_ 


metrically oppofite to oneanother, the one vifible in our He-_ 
&  mifphere, called the North, or Artick Pole, noted with the 
Letter P. Vgieer | 
The other not féen of us, being in the lower Memtfphere, called the” 
South or 4etartick Pole, noted with S. 


The Axis of the World is an imaginary Line drawn from Pole to Pole, 


about which the Diarnal Motion is performed from Eaft to Weft. 
The Meridians are great Circles concurring 
ther inthe Poles of the World, as PES and BcS. 


The Equinedial or Equator, isa Great Circle 90° diftant from the Poles 


g and interfecting one ano= 


ofthe World, cutting the Meridians at Right Angles, and dividing the — 


World into two “Parts, called the North and South Hemi/pheres; as E= Q. 


The Ecliptick is a Great Circle, croffiag the Equinottial in the two op= — 


polite Points Aries and Libra, and making an / 
its Obliquity) of 23 deg. 30 min. reprefented by 9 ™ VS, 

This Circle is divided into12 Signs, each containing 30-deg. whofe 
Names arid Characters follow. ~ 


a 


ngle ‘therewith (called 


- 


“ 
eM 


7 


— Affronomical Definitions, 

Aries Tee 0. idle Libra 
Taurus rs Scorpio | 
Gemini © © -T1\'Whichare Nor-|Sagitarias = 7\'Thefe are Sou 
Cancer Py | thera Signs. |} Capricornus thern Signs. 
Leo © gt Aquarius 
Virgo re Pifces 
} The Zodiacisa ‘Zone or Girdle, having eight degrees of Latitude 

on either fide of the Aeliptick, in which fpace the Planets make their 
| Revolutions. ’Tis divided and diftinguifhed by the twelve Signs. 

The Colures are two Meridians dividing the Equinoétial and the Eclip- 
| tick into tour equal Parts; one of thefe pafles by the EquinoMial Points 

| Hries and Libra, and is called the Equinodial Colure, asP & S. 

The other by the beginning of Cancer and Capricorn, called the Solfti- 
tial Colure, as P &, S YF, ) 

The Poles of the Ecliptick are two Points, 25° 30’, diftant from the 
Poles ofthe World, as I and K. . 

The Tropicks are two {mall Circles, parallel to the Fquino@ial, and 
diftant therefrom 23° 30’, limiting the Sun’s greateft Declination. 

The Northern Tropick pafles by the Beginning of Cancer, and is called 
the Yropick of Cancers as % aD. irae 
j Lhe Southern Tropick pales by the Beginning of Capricorn, and iscal- 
j led the Tropick af Capricorn; as Ab vs, 

| _ The Polar Circles are two fmall Circles parallel to the Equineéial, and 

_ diftant therefrom 66° 30’, and from the Poles. of the World, 23° 30% 
‘That which is adjacent tothe N. Pole, is called the 4rtick Circle as Gdl. 

And the other the Avtartick Circle, as KdM. 

Lhe Zenith and Nadir are two Points diametrically oppofite. 


"The Zenith is theVertical Point, or the Point ri ght over our Heads,as’Z,. 

The Nadir is directly oppofite thereto, as N. 3 

The Azimuth or Vertical Circles, are great Circles of the Sphere, con= 
curring and interfecting each other in the Zenith and Nadir; as'LSN. 

_ The Horizonis a great Circle 60° diftant fromthe Zenith and Nadir, 
cutting all Azimuths at Right Angles, and dividing the World into two 
quai Parts, the Upper and vitible Hemi/phere, and the lower and invifible. 
This Circle is reprefented by HR. ‘ 

The Meridian of a Place, is that Meridian which paffles by the Zenith 
and Nadir of the Place, as PZSN. 

The Almicanthers, or Para'lels of Altitude, are {mall Circles parallel 
to the Horizon, imagined to pats through every Degree and Minute of 
the Meridian, between the Zenith and Horizon; as BaF, 

Parallel of Latitude, or Declination, are {mall Circles parallel to the 
Equinodial: They are called Parallels of Declination, in refpect of the 

: 2 ‘fal 
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Sun or Stars in the Heavens; and Parallels of Latitude, in re{pect to any — 
Place upon the Earth A 

The Latitude of a Place,is the Heighth of the Pole above the Horizon, 
or the Diftance between the Zenith and the Equinoéial. 

The Latitude of aStar,is the Arch of a Circle contained between the 
Center of a Star, and the Ec/iptick Line; this Circle making Right- 
Angles with the Ec/iptick, and counted either Northward or Southward, 
according to the Situation of the Star, 

Longitude cn the Earth is meafured by an Arch of the Eguinoéiab, 
contained between the primary Meridian (or Meridian of that Place 
where Longitude is affigned to begin) and the Meridian of any other 
Place counted either Eafterly or Wefterly. . 

The Longitude of a Star is that Part of the Ec/ptick which is contained 
between the Star’s Place in the Ecliptick, and the beginning of Aries, 

counting them according to the Succeffion of the Signs. 

Altitude of the Sun or Stars, is the Arch of an Azimuth contained 
betwixt the Center of the Sun or Star and the Horizon. J 

Afcenfion isthe rifing of any Star, or any part of the Equinoctial above 
the Horizon, and Déecen/fion is the fetting thereot. 

Right Afcenfion isthe Number of Degrees and Minutes of the Equinocs 
sial (counted {rom the beginning of Aries) which cometh to the Meridian 
with the Sun or Star, or with any Portion ofthe Eclptick, 

Oblique Afcenfion is an Arch of the Equinodéial between the beginning © 
of Aries and that part of the EguinoGial, that rifeth with the Center of 
a Star, or with any Portion ofthe Ecliptick, in an Oblique Sphere. 

Obligue Defcen/fion is that part of the Eguinoctial which iets therewith, 

Afcenfional Difference is an Arch of the E- 
guinofial, being the Difference between the 
Right and Oblique Afcenfion, 

The Amplituds ot the Sun or Star, isthe 
tDiftance of the rifing or fetting thereof, from 

he Eaft or Weft Points of the Horizon, 

The Parallax is the Difference between the 
true and apparent Place of the Sunor Star; fo . 
that the true Placein refpea of A leitude is in 
the Line ACF or ADG the Sun or Star being — 
at Cor D. 

And the apparent Place in the Line BCF, or BDH. 3 
So the Angles Parailax are ACBor ECF 3 aad ADB, or GDH. 
In this Scheme, ABK reprefents a Quadrant of the Karths Superfices, © 
Athe Center of the Earth. B any Point of the Earths Surface. 
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Refraction of the Stars | . | : 
Objerved by Tycho. The Refraéion is caufed by the Atmo/phere, 
| Alt. Refraéd or Vaparous thicknefs of the Air near the 
d i Harth’s Superfices, whereby the Sus and Stars 
feem always to rife fooner and fet later than rea- 


ly they do. 


In the Latitude of 55 degrees, and thereabouts, 
it is allowed to be as follows in the Jab/e, altho’ 
it varies by the Weather. 


And in the more Northern Parts it hath been 
obferved to be greater. 


A OQ BO 


‘The Ufe whereof is this : 

Suppofe the Altitude obferved were 10 de= 
grees; the correfpondent Refraction is § min. 
30 feconds, which fubtragged trom 10 degrees, 
the Remainder’ 9 degrees 54 minutes 30 feconds,, 
is the true Altitude. ‘ 
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SECT. I. Afronomical Problems. 


| PROB Lg HE Sun’s Place in the Ecliptick, and greateft Declina- 


Fk. tion being given, to find his prefent Declination. 
Example 1. The Sun’s Place being in 26° 41’ of Taurus, and his greate 


eft Declination, or the Angle of the Ecliptick with the Equinoétial, 23° 


30’, to find his prefent Declination Plate 3. Fig. 1, 
Inthe Right-angle Spherical ‘Triangle V BC there is given. ¥ C, 


} the Hypothenufe 56° 41’ the Sun’s Diftance from Aries, and the Angle 


Bv C, the greateft Declination (by the oth Cafe) to find. the oppotite 


| Leg KC, the Sun’s prefent Declination. 


Therefore the Proportion aud Operation is ; 
As Radius-— ee. — Log, 10.0000000 
Tof.B VC 23° 30’, the Sun’s greateft Declinat. —— 9.6007000 
So is f. VY C 56 41, the Sun’s diftance from V ———~_9.9220232 
Tof. BC, -——- 19 28, the prefent Declination N. .——~ 79.5227232 
Note, That the Sun’s diftance is always accounted from the neareft 
of the E.quinoétial Points Aries or Libra: Therefore if the Sun be ia the 
Northern Signs, Aries, Taurus, or Gemini; or inthe Southern Signs, 
(Capricornus, Aquarius, or Pifces, his Diftance iscomputed from Artes. 
But if his Place be inthe Northers Signs, Cancer, Leo, ox Virgo, ot fe 


‘ 
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the Southern Signs, Libra, Scorpio, or Sagitarins,’tis reckon’d from Libra, 
"If the Sun bein the Northern Signs, his Declination is Northerly ; if 

in rhe Southern Signs, Southerly, i RRC 
Evample 2. The Sun’s Place is22° 12' of Equarius, his greateft De- 
clination (as before) 23° 30! to find his prefent Declination, 


The Sun’s Diftance from Aries is 37° 48’. Plate 3. Fig. 1. 
The Operation, Inthe Right-angled Triangle y DF. 
EO d Oi ee a ae -—— Log. 10,0000000 


el 


Toft D TF 23° 30’, the greateft Declination ~--— —9.6007000 
Soisf. Y F-—37 48 the Diftance from Aries————-— 9.757 3946 
Tof. DF — 14 08 the prefent Dechuation S. —+9.3880946 
You may find the Sun’s Piace by the Zablesin Aftronomia Carolina, 
PROB II. The Sun’s Place given, to find his Right Afcenfion, 
Note, The Sun’s greateft Declination is concluded by Mr. Street, in 
his Caroline Tables, to he 23° 30’, therefore it is always given. 
Example 1. the Sun’s Place is26° 41’ of Taurus, 
To find the Right Afcenfion. Plate SB aFig To 
Inthe Right-angled Triangle V BC, there is given, the Hypotbenufe 
¥v C 56° 41’, the Sun’s Place from ries, ae al 
The Angle B ¥ C 23° 30’ the greateft Declination, (by the 6th Cafe) 
to find the adjacent Leg ¥ B, the Right Afcenfion, a 
The Operation. or 
As Radius —~-- <ieeen) SERN ~~~. 10.0000000 
Tot. ¥ C-~56° 41’ the Sun’s Long. from ¥ ——~——10.1822495 
Soisfce.B ~ C23 30, the greateft Declination —— 9.9623078 
Tot. B54 22, the Right Afcen. from 7—--—10,1446383 © 
Example2. The Sun’s Place is 22° 12’ of Egsarius. 
Tofindthe Right Afcenfion. Plate 3. Fig. 16 
The Operation. 
In the Right Angled Triangle y DF. 
As Radius —~ ——--——— -——- Log. 10.0000000 | 
Tot. F 37° 48’ the Sun’s Longitude from p~—-9.8896823 _ 
So isfe. D ¥ F 23. 30, the greateft Declination —— —~ 9.962.3978 — 
Tot. rD 35 25, the Right Afcenfion from the es ‘i 
Coli next Equinoétial Point ¢ 198520801 — 
This Proportion finds the Right Afcenfion from theneareft Equinocti- _ 
al Point, as you account the Longitude in the Operation. But the Right 
A at is to be reckoned from ries, according to the Succeffion of 
the Signs. . +a 
Therefore in this latt Example, the Complement 35° 25’ to 360, 
whichis 3242 35’, isthe Right Afcenfion fought. PROB, — 


» 


fe a oar 


ox 
PROB. III The Sun’s Declination given, to find his Place or Longi- 
tudefrom Aries, 
Example 1, The Sun’s Declination is 19° 30’ North, encreafing. 
To find his Place. j 


| Plate 3. Fig t. 
Inthe Right Angled Triangle T BC. - : 
| There is given the Leg BU 19° 30’, the Sun’s prefent Declination, 

|The oppofite Angle B v C 23° 30’, the greateft Declination, 
| And the Hypotbhenufe ~ C required by (the tenth Cafe) being the Sun’s 
|  diftance trom Aries or Libra. 

- The Operation. 

| As f{ BYC —— 23% 30’, the ereateft Declin. ~->--~- —Log. 9.6007000 
} 


*_ pee 


} To Radius——--—-—— me ee ee me 1 0,0000000 
HSoisf, BC 19 30, the prefent Declination—-——-. — 9 5234953 


a a ee 
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1 lof. y C—56 50, ~ 9.92279 53 
} Which—— 56 5oreduced into Signs, is1 Sign 26> 50’, . 
, or—— 26 50 of Zaurus, : 

} Ifthe Sun’s Declination be North, and encreafing, his Proportion 
} finds the Sun’s diftance from Aries; and decreafing, trom Libra inthe 
} Northern Signs. : 

‘Af the Sun’s Declination be South, and encreafing, from Libra; ul de- 
creafing, trom Aries, among the Southern Signs. ; 
Example 2. The Sun’s Declination is 14° 10’ South decreating. 

To find the Longitude 1rom Aries. ‘Plate 3. Fig. 1. 
| The Operation. Inthe Triangle y DF. 

Asf, DrF 


232 30’, the ereateft Declination — 9.600700 % 
To Radius Hikes 0 Te) Oe 2 Toa cocoa - 
So is f, DF 14 10, the prefent Declination - —— 9.3887109 — 


Tof, » F—37 $2, the Diftance trom Aries —-~. — 9,7880109 
_ The Complement of 37° 52’, to 360° is 322° 08’. 
Which reduced into Signs, 10 Signs 22° 08’, or 22° 08’ of Aquarius. 


PROB. IV. ‘The Sun’s Declination given, to find the Right Afcenfion. 
Example 1. ‘The Sun’s Declination is 19° 30’ North encreafing. 
To find his Right Afcenfion. : Plate 3. Fig.1. 
-- Inthe Right-angled Triangle y BC. 
There is given the Leg BC 19° 30’, the San’s prefent Declination. 
And the oppofite Angle B ¥ C 23° 30’ the greateft Declination. 
(by the 1/7 Cae) tofind the Leg 7 B, the Right Afcenfion. 


ane 
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As Radius = ee nin onan: pememeent YO.OCOCOO 
To tc. BYC 23° 30’, the greateft Declination ——~« 10.5616 981 
Soist.BC 19 30the prefent Declination —=_9.5491487 

Tof.y B 54 32 the Right Afcenfion from ~7—— 79.9108468 
"The fame Caution which was given for the right accounting the Sun’s 
Place in the third Problem, ferve for the Right Afcenfion; only as that 
was given in Signs, degrees and minutes, this muft be given in degrees 
and minutes from ries. 7 
Example 2. The Sun’s Declin.is 14° 10’ South decreafing. 
To find the Right Afcenfion. Plate 3. Fig. 
The Operation 
In the Right Angled Triangle ¥ DF. y 
As Radius - - nem—«. Log, 10.0000000 ~ 
Totc. D ~ F— 23° 30’ the Sun’s greateft Declin-——— 10, 3616081 ~ 
Soist. B C ——14 10, the prefent Declination = 9.4021237 
To f. y D—— 35 29, the Right Afcenfion —- ¥9.7038218 | 
TheComplement 0f35° 29’, to 360°; is 324° 31’, the Right Afcenfion — 
from Aries. | 
PROB. V. The Latitude of a Place, and the Sun’s Declination be- — 
ing given, to find the Afcenfional Difference. ’ mf 
‘Example. In the Latitude of 51° 32’, the Sun’s Declination being 20% _ 
12’, tofind the Afcenfional Difference, #3 
Inthe Right-angled Triangle abc, Plate 3. Fig. 2. 
‘There is given the Leg bc 20° 12’, the Sun’s Declination, and the 
oppofite Angle bac 38° 28’, the Complement of the Latitude, or the © 
Angle between the E.quinoctial and the Horizon (by the firft Cafe) to 
find the other Leg ab, the Afcenfional Difference. 
- The Operation. ie 
As Radius-—-— ——— Lae ne > oe Loge.7.0,0000000 — 
To tc bac 38° 28' the Compl. of Lat. -—-—~ ~--— 10.0999135 ~ 
Soist.b¢ — 20 12 the Declination. ~- 9.56 57533 
To f. ab — 27. 34 the Afcenfional Difference-——— 9 6656768 — 
PROB. VI. Tofind the Oblique Afcenfion or Defcenfion. \ 
Firf, Find the Afcenfional Difference by the fifth Problem, andthe — 
‘Right Afcenfion by the fourth Problem, | t 
. Secondly, If the Sun’s Declination be Northerly, the Afcenfional Diffe- 
rence fubtra@ed from the Right Afcenfion leaves the Oblique Afcenfion 3 | 
and added to the Right Afcenfion, gives the Oblique betertee : 


Thirdly, ' 


* 


eee 
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 Lhirdiy, If the Sun’s- Declination be foutherly, the Afcenfional Dif- _ 
ference added to the Right Afcenfion, gives the Oblique Afcenfion; and 

fubtracted therefrom, leaves the Oblique Defcenfion. 

. \ Note, It-the Right Afcenfion be lefs than the Afcenfional Difference, 
add 360° to the Right Afcenfion, and then fubtract it therefrom 5 or if 
the Sum of the Right Afcenfion and Afcenfional Difference, exceeds 
360°, rejee&t 360°, the Remainder is the Oblique Afcenfion or Defcen- 
tion required, - | 
PROB. VII. To find the ‘Time of the Sun’s Rifing or Setting, and con- 

' fequently the Length of the Day or Night. 

Firft, Find the Afcenfional Differenee by the 5th Problem, which 
reduced into Hours and Minutes of Time, by allowing for every 15° — 
_ ene Hour, and for) every Deg. lefs than 15, 4 min. of Time, and for 

every 15’ one Minute of ‘Lime. : 

_ Secondiy, If the Sun’s Declination be Northerly, the Afcenfional 

Difference added to6 Hours, gives the Time of Sun-fetting. 

_ And fubtracted therefrom, leaves the time of Sun-rifing. 
~ On the contrary, ifthe Sun’s Declination be foutherly, the Afcenfional 
Difference added to 6 Hours, gives the time or Sun-rifing, and fubtrac- 
ted therefrom, the time of Sun-fetting. 
_ Thirdly, lk you doutle the time of Sun-fetting, it gives you the 
ength of the Day. And the time of Sun-rife doubled, the length of the , 


Night. 
ne Baan 1. Inthe Latitude. 51° 32’ North, the Sun’s Declination 20° 
12’ North, By 
- And the Afcenfional Difference by the 5th Problem is 27° 35’, which. 
reduced into ‘Time, makes 1 Hour 50 Minutes,” 


Ho. Min». 
Therefore the Time of Sun-fetting is 7. 50a 
‘The ‘Time of Sun-rifing 43 Ie 
‘The Length of the Day _. ise AO 
~ ‘The Length of the Night. ees’ 
_ Example 2. In the Latitude 51° 32’, the Declination 26° 12’ South. 
| And the Afcenfional Difference is 27° 35’, which makes (as before) 
- ¥ Hour 50 Minutes of Time. a 
i} Bara ’ Ho, Min. 


The Time of Suo-rifing peter a 08 
‘The Time ,of Sun-fetting. 2)... 3. 4 10 
The-Length of the Day, . ot 90 
The Length of the Night. © | 15 40 

: N: PROB. 


& 
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PROB, VIII. The Latitude ofa Place, and the Sun’s Declination being a 
given, to find the Sun’s Amplitude. 
Example. In the Latitude of 51° 32’, the Sun’s Declination being 26° 


12' to find the Amplitude. . | 
In the R'ght-angled Triangle abc, there is given the Leg bc, 20° © 
12’ and the oppofite Angle bac 36° 28’ (by the tenth Cafe) to Pee the 
Hypothenufe ac the Amplitude, 
. - The Operation. 
As {bac 38° 28’, the Complement of the Latitude —--—— 9.793831 


To Radius ———— TE MCE 10.C 000000 
So is £ bce 20 12, the Declination -—~ ——_—--—§ 9. 5381943 
To fac 33 43, the Amplitude —_—--—~ 9.7443626 


Ifthe Sun’s Declination be northerly, the Amplitude is to the North- 
ward of the aft and Weft; if the Declination be foutherly, to the 
Southward. 

PROB, IX. The Latitude ofa Place and the Sun’s Declination is given, 
to find what time the Sun fhall be due Eaft or Weft. oe 

Example. In the Latitude of 51° 32’ North, the Sun’s Declination 
being 20° 12’ North. t e 

1 Gnd what time the Sun fhall be due Eaft or Weft. "ee | 

In the Right-angled Triangle ade, there is given the Leg. de 20° © 
12’, and the oppofite Angle dae 51° 32' (by the firft Cafe) to “find 


the Leg ae, the time from fix. Plate 2, “ne 
Batt The Operation. Paha | 
As Radius —-——~-— — ———— — Log..10.0000000 
To t.c.dae 51° 32’, the Latitude ——— — 9.900086 5 
 Soist.de20 12, the Declination —--—-———— 0 5657633 | 
Tofae——-16 59, the Diftance from fix 19.405d593 > 


Which being reduc’d into time, makes one Hour cight Minutes fere, 
which added to fix Hours, gives 7 Hours and 8 Minutes, at which time 

the Sun comes to the Eaft; and fubtracted from fix Hours, leaves four 
Hours 52 Minutes, the time of his being in the Weft Azimuth, or 
Prime Vertical. | 

PROB. X. The Latitude of the Place, and the Sun’s Declination be- 
ing given, to find the Sun’s Altitude, being in the Eaft or Weft Azi- — 
muth, or Prime Vertical. | 9 

Example, In the Latitude of 51 deg. 32 min. North, the Declination © 
20 degrees 12 minutes North, to find the Sun’s Altitude, being due Haft 


or Welt. © i 
, fe ; Ing 
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In the right-angled Triangle ade, there is giventhe Leg de 20° 12’ 
and the oppofite Angle dae 51 deg. 32 mia. (by the tenth Cafe) to fin 
the Hypothenufe ad. Plate 3. Fig. 2.. 
tp The Operation. 
Asf. dae gh 32’ the Latitude 9.8.9 3°74 52. 
To Radius—— —--—~— ——_- 10.0000000 ~ 
Sof de 20 12, the Declination ————- 9.5 381943 
To f ad 26 10, the Alt. in the Prime Vertical — —9,6444491 
PROB. XI. The Latitude of a Place, and the Sun’s Declination be= 
| ing given, to find the Sun’s Altitude at fix of the Clock. 
| Example. In the Latitude 51 deg. 32 min. North, the Declination 23 
deg. 30 min. North, to find the Sun’s Altitude at fix. 
Tn the Right-angled Triangle abe, 51 deg. 32 min. (by the ninth 
Cafe) to find the op polite Leg be. Plate 3. Fig. 3. 
: The Operation, ii 

As Radius-—-——-——. ——- —- ——- -—- —— Lg, 19.0000900 
~Tofiac, 23° 30 the Declination —-—— 9.6007000 
Bote 51 32 the-Latitude ————-—_—- 9.89374 52 
ero wee 18° 11 the Altitude at fix) ~——---—— F9.49444.52 - 
- PROB XII. The Latitude of a Place, and the Swn’s Declination, — 
| wee given, to find the Azimuth at fix. | 
~~ Example. In the Latitude 51 deg. 32 min. North, the Declination 23 
deg. 30 min, North, to find the Sun’s Azimuth at fix of the Clock. 

In the Right-angled Triangle abc, there is given the Hypotbenuje, ac, 
23 deg. 30 min. and the Angle bac, 51 deg. 32 min. (by the fixth Cafe) 
to find the adjacent Leg ab. ‘Plate 3. Fig. 3. 

. The Operation. 
As Radius ne + Log. 10 00cneoae 
Tot. ac — 23° 30' the Declination —— 9.6 83019 
So is ic. bacgsi 32, the Latitude 9.7 938317 
Tot.ab -——15 08, the Azimuth from the Eaft ——— 19.43213 36 


PROB. XIII. The Latitude of the Place, the Sun’s Altitude and 

Declination being given, to find his Azimuth. tt 
Example 1. In the Latitude 51 deg. 32 min. North, the Declination 
23 deg. 30 min. North, the Altitude 49 deg. 40 min. to find the Suu’s 

Azimuth, | 
In the Oblique-angled Triangle DPZ, there is given the three Sides, 
LP 38° 28’ the Compl. of the ae PD 66° 30’ the Compl. 0! in 
IN 2 é- 
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‘Declination, or the Sun’s Diftance from the elevated Pole, and DZ, 40°.” 
20° the Compl. of the Altitude (by the 1146 Cafe) to find the Angle 
DZP, the San’s Azimuth trom the North. “Plate 3. Fig. 9.9 
. The Operation, :} 
The }ZD 40° 20° Sine ———-— — 
Legs} ZP 38 28 Sine —~— - 


———— C0. Ar. 01889391 
Co. Ar. accuse 


The BafeDP 66 304 Sum 72° 39’ Sine Log.- ———9.9797764 
Sum——i45 18 Rem.-06. og Sine Le 9.0299182 


7; Sum — 72. cg ———~-—— —— Sum 19. 4048010 4 
Rem, 06. 09 fe —amm— 59° 44’--—--———halt Sum 9.702400 5. 
Which doubled ———~ -———— §9_- 44. produces 

The Sun’s Azimuth —-———119 28 trom the North. 

Example2. In the Lat. 51° 32’ North, the Sun’s Declin, is 15° 16! 

South, and his Altit. 19° 373, to find his dzimuth from the North, 


“ The Operation. _ Plate 3. Fig, 4. 
In the Triangle DPZ oe 
‘There-is given PZ 38° 28° ‘ ce. 4 
DZ 70” 23’, DP 105° 16’, and DZP required. ae BA 
The ZD , 70° 23/ Sie ——— ——- C9. At..0.02. 50676 
RéegstovhP. » 38 28 Sine —~—~-———- Co. dr. 606168 3mm 
The Bafe DP 105 167 Swim 107° 03' Sine Log. —~ 9.0804803 | 
Sum ———~—-——214 07 Rem. o1 47 Sine— - 8.430398. 
2 Sum _ FOF) MORRIS Sosa haere Sum 18.7056562 
Rem. ——~ Ol 47 f.——76 59 —~-——~ # Sum 9.3 528281 ~ 


Which doubled —_--—- -————76__ 59 produces 
The Sun’s Azimuth ———— _ 153 58 from the North. 


_ Example 4. In the Lat, 51 deg. 32 min. South, the Suw’s Declination Eo 
is 15 deg. 16 min. North, and the Altitude 19 deg. 37 min. to find his. 
. x “Plate 3, Fig.4. 7 


Azimuth trom the South. 


7 
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‘In the Triangle DPZ, P reprefents the South Pole; as_ in the former 
Example. f é ae 
Then there is given P'Z 38 deg 28 min. DZ 70 deg. 23 min. PD 105 
deg. 16 min. and DZP required. ! . 
The Operation is the fame with the fecond Example, only the Azi- 
muth tourd is to be accounted from the South, which will be tound 153 
deg. 58 min. ft | 
PROB. XIV. The Latitude of the Place, the Sun’s Declination and 
Altitude being given, to find the Hour of the Day. 
. Example 1. In the Latit. 51° 32' North, the Sun’s Declin. is 23° 30’ 
North, and his Altitude 49. deg. 40 min. to find the Hour from Noon. 
Inthe Triangle DPZ, there is given PZ 35deg 28 min. DZ, 40 deg. 
29 min. DP 66 ceg. 30 min. and DP'Z the Hour trom Noon required, 
The Operation. Plate 3. Fig. 3. 
pene DP "66"; 30’ Sine, Co, Ar. 0.03760%2 
Penge 7, ~ .33 28 Sine : Co. Ar. 0.206168 5 
The Bafe DZ 40 20 } Sum 72° 39' Sine Log. 9 9797764 
Sum _ oe. 145. 18 Rem.< 32°. 19 Sine 9.728027 § 
| re se 72 2 39 et um. BOOS 574 
cow mh. 32. 19 fc. EB SAH Hy 2 Sum 9.97 57872 
_ The Double of 18 deg. 57 min. is 37-deg. 54 min. which being re- 
d into time gives 2 Hours 32 min from Noon; fo that the 
’ Flour of the Day is cither 2 hours 32 min, Afternoon, or 9 hours 28 m. 
before Noon. | 
| |» Example2. In the Latit. 51° 32’ North, the Swn’s Declin, 15° 16’ 
South, and his Altit.19° 37’, to find the Hour P. M. Afternoon. 

In the Triangle DP'Z, there is given the three Sides, PZ 38° 28’ 
DZ 70° 23’, PD 105° 16’ and DPZ required. Plate 3. Fig. 4. 
a i — The Overation. ch 
The § DP~ _.105° 16’ Sine si Co. Ar. 0.01 56029 
Legs ? PZ, 35 28 Sine. ; Co, Ar, 0.2061683 
The Bafe DZ 70 23% Sum 107° 03’ Log. 9.9804803 
Sum ——-~— 214 07 Rem. 36 40  _-9.7760897- 
4§um ——-— 107  03-——--——— a 19.978 3.412 
Rem. —- 36 40 Sc. 12 44, 9.9891706 

Which doubled, produces 25 deg. 28 min. and that reduced into 
Time, makes i-hour 42 min. fere. Hs, 

PROB. XV. The Latitude’of a Place, the Sun’s Declination, and the 
Hour ofthe day given, to find the Swn’s Altitude, a nn 
tae ie ~: _. Example. Wy 
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Example. In the Latitude of 51 deg, 32 min. North, the Sun’s Decli~ 
nation is 23 deg, 30min. North; the Hour, 1 Hour 53 min. Afternoon, — 

To find the Sun’s Altitude. ; oe 

: hour 53 min. reduced, makes 28 deg. 1.5 min. 

In the Triangle DP’Z, there is given the two Sides, P'Z 38 deg. 28 min. 
DP 66 deg, 30 min. and the contained Angle DPZ 28 deg. 15 min. and 
the third Side DZ required. (by Cafe the oth) 


a The Operation. Plate 3. Fig. 3. 
As the Radius ——_-—_— ~ 10,0000000 
To fe DPZ 28° 15’ the contained Angle ——-—— 9.944.220 
Soist.P’Z ———38 28 the lefler Side a ee 9.900086 § 
Tot. +34 §9 a fourth Arch 49,84 5008 5 
From the other Side PD —~-—-———66°_ 30° 
Subtract the fourth Arch ——— 34 59 
The Remainder is the refidual Arch 31 31 . 
As f the arth ACH Osan 
_As fe, -——— -—-—-—_—— 34°. 59’ the fourth Arch -— —-———-0.080 $471. 
To fe ie meaner ne the refidual Arch ———s 9.0300883 a 


So is fc. PZ———— 38 28 the lefler fide ——~ ——~ 9.8037452 
To fe. DZ 35 27 the fide fought —— ¥9.9100806 
| Whofe Complement 54deg 33 min.isthe Altitude required, ag 
- PROB, XVL. The Latitude of a Place, the Sun’s Declination, and the — 
Hour given, to find the Sun’s Azimuth. a 
Example. In the Latitude 51 deg. 32 min. North, the Sun’s Declina- 
tion is 15 deg. 16 min. South, and the Hour ro hours 18 min. in the - 
Morning; to find the Sun’s Azimuth. : 
a The time from Noon is 1 hour 42 min. 
eit Which reduced, is 25 deg. 30 min. 
In the Triangle DP'Z, there is given the two Sides PZ 38° 28’, PD 
105° 16’, the contained Angle DP’Z 25° 30", to find one of the oppo- 
fite Angles, viz. P'ZD, (by Cafe the third.) ; 


a 


Plate 3. Fig. 4. 
. The Operation, 

PD 105° 16’ 

PZ 38 28 

Sum 143 444 Sum 71° 521 DPZ 25° 30 

Dif. 66 484 Dif.33 oa4$thehalf 12 45 


>) 
i 
4 
. 
+7 
a 
Bs 
: 
5 He 


‘ ; ° 

- As fs ‘Zora, DP and PZ — 71 52 ———-— 0.0221234 
UGA het’, = ————-—— 33 24 —— —— 67407421 
So it te:? DFZ———— phe A Sete mer a LOA S85 e 
Tot. XZs PDZ and PAD —-68 39 ————= ——-—— 10.408. 2263 

| oa Aa Co, Ars 

) (Aste! 4 -Z.cra, DP, and PZ:——---— 71. 

Tote + Kcr. ———- ———-— 33 

Soistc. ? DZP 12 98 

Tot.+Z4s PDZ and PZD——-85 10 -—--——=-— 41.07 3$865 

£'ZLls 85° 10° ! 
2 X/s 68 39 
Sum 153 49 DZP required 
"UE Which ts the Sun’s 4zimuth from the North. 
PROB. XVII. The Latitude of a Place, the Sun’s Altitude and Azi- 
age muth given, to find the Hour. 

‘Example. In the Latitude 51 deg. 32 min. the Sun’s A/titude 49 deg. 
go min, his Azimuth 119 deg. 44 min. trom the North; to find the 
Hour Afternoon. 
In the Triangle DPZ, thereis giventhe two fides DZ 4o deg. 20 min, 
iy 38 deg 28 min. and the contained Angle DZP, 119 deg. 44 min. 
and the oppofite Angle DPZ required, (by Cafe the third) ~ | 
, ee The Operation. ‘Plate 3. Fig. 3. 

DZ 40° 20’ | 


RL RB 985: : 

Sum 78 48 4 Sum 39° 24’2 DZP 119” 44" 

Difor 524 Di®& oo 56 S$ the half 2 Come 
As f. $’Zcra, DZ and PZ 36° Syne. 
| To f. $ Xera. —--— 00 50-——-——. 8.2118949 
| Soistc. } DZP GS —————— 09.76 37702, 
| Tot.s X4s PDZ and DPZ-00 51 ————= 4£8.1730757 
| | Co, Ar. 


As fe, Zera. DZ and PZ,———- 39°. 24’ ——- —=-—-— O.LIT 
To fe.4 Xcra, ——-——--—-00 56 , RULES ey 
So istc. aed ——§9) §. ——-_---—— - ——. 97627703 
Tot. #ZLsPDZ and DPZ—36 5.4 meer > 7.9.83, 508 
% 20330" 54 : me aie. e 
%X4800 51 
Sum—37 45 DPZ tequired, 


Note 


— AAvonomical Problems. Los a 
Co. Ar.  & 


joa | Aftronomical Problems. is 

Note, DPZ is the greater Angle, becaufe oppofite to the greater fide _ 
DZ; 37°45’ reduced, makes the Time 2 hours, 31 min. Afternoon, 
PROB. XVIII. The Latitude and Longitude of a fixed Star being gi- _ 

| ‘ven, to findthe Right Afcenfion and Dechnation, ia 

Examp’e, The Longitude of Cafor is 15° 33’ of Cancer, and his Lati- 
tude 10°02’ North; to find his Right Afcenfion and Declination, 

In the Oblique-Triangle DIP, there is given two Sides, IP 23 ‘deg, 
30 min. the Diftance between the Pole of the Eguinodia/ and the Pole of 
the Ecliptick; ID 79 deg. 58 min. the Complement of the Latitude; - 
and the contained Angle DIP, 15 deg. 33 min.the Longitude from Can- 
cer: To find one of the oppofite Angles DPI, the Complement to 180° 
ofthe Right Afcenfion from Cancer ; and the third Side DP, the Comple- 


ment of Declination. Plate 3. Fig, G 
The Operation. For the Right Afcenfon. | 
ID 79 58" 
ak 24 30 | . 


Sum ~ 10328} Sum 51° 44’U DIP 15° 33) 
Diff, 56 287 Diff28 1445:27DIP 7 4G gee 


: , Co. Ar 


Asf27caltD Rite essi 
To f, ® Xcra. -—— ——--——— 28 
Soiste. # DIP ~--~--—- —-~ C7 
To t.4 X4s DPI and IDP —-77 


Ree crs. Tad Po gr, gg 22080832 
To fe, 4 Xera, = —-- 28 14 ——--————._ 9.944999. 
So is tc. > DIP Sa 07 «40 ———— 10.86.5216 5 


Tot.1'ZZs DPI and IDP —— 84 31 —-—-- ¥ 101528096 
EES DA 31 | 
2 Xls77_15, a, ee 
Soma161..46.DPT eg me : | | 
_ Whofe Complement to 180 deg. is 18 deg. 14 min. the Right Afcenfion, 
from Cancer, the Right Ajcenfion of Cancer is 90 deg. and thereiore the — 
Right Ajcenfion trom Aries is 108 deg. 14 min. ; 3 
ae “Shes De For the Declination, — Co. Ar. 
|. Asf. DPI——r61° 46’ the Compl. of the Right Afcen. 0.5046117 
To f. DI 79 58 the Complement of the Latitude — 9.9933068 
SoisfDIP—15 33 the Longitude from Cancer 9,4282630 


TofDP——57 32 the Complement of the Declin, ——19 9261816 


Whole 


Sere Aftronomical Problems. : 105 
~ Whofe Complement 32 deg. 28 min. is the Declination Northerly. 
PROB XIX. The Right Afcenfion and Declination ofa fixed Star 
being given, to find the Longitude and Latitude thereot. i 
Example, The Right Afcenfion of Caffor is 18° 15’, and his Declina- 
tion 32° 32’ North ; to find his Longitude and Latitude. 
In the Triadgie IDP, there is given, the two Sides, IP 23° 30’; PD 
57° 128',.and the contained Angle DPI 161° 45’, to find the oppofite 
Angle DIP, and the third fide DI, (by Cafe the third) 


The Operation. To find the Longitude. 
rel 2st | 
eles | 
8o. 58 § Sum 4o°® 29? DPI 161° 45 
Diag gue sors Dit 16 6 $9 $e DPI. 80. 52 
aS Dehn Co. Ar. 
| Asf, § 'Zcra. PD and IP 9) a eT OOS 
To f. ; Xera Ea a uo! an uke eae te 
So istc. 3 DPI ——-———-—— 80 52 —-———-———._ 9 2062072 
| Tot. } XZs DIP and IPD — 04 08 —-—~——-—— +8,8595320 
| dae 0. Ar, 
} Ast. Zere, PD and IP ———4o 29 —-~——-— 0.1188466 
No fee Ker, ——————— 16 59 —-—-—___-— 986 349 
1 Soistc. DPI ———-—-——- 80_ §2 —-———- —- — 9.206272 
} Tot.1 Zds DIP and IDP ——11 25 ——-—==——-——¥9. 30,5087 
) deez iLs Tins25 
3 XLs fev. eels dys 
Sum —15 33 DIP the Longitude from Cancer, 
| | | To find the Longitude Co, Ap. 
As f, DIP —— 15° 33’ the Longitude trom Cancer-———— 0, 5717369 
To f, DP — 57 28 the Complement of Declination — 9.92 58681 
-Soisf.DPI—161 45 the Compl. of the Right Afcenfion 9.4957716 
To f; DI — 80 or the Compl: of Latitude ——— «9.9933766 
PROB. XX. The Diftance of a Planet, Comet, or New Star, trom two 
known fixed Stars being given, to find the unknown Star’s Longitude 
and Latitude. | 
Example. "Vhe unknown Stay’s Diftance from the Swan’s Beak is 49° 
05’ and from Per/eus’s Side 88 deg. 57 min. to find the Longitude and _ 
Latitude thereof | 


Long, 4 Of the Swan’s Beak, Ye 26° zt Lat, 3 49° o2’ N. 


Plate 3. Fig. s 


f Perfeus’s Side © a 12 $ somos. N: 


duemtaree Si BL LE es de 
ie Pa ee eran” 


oo ARTOROMECAL FIQLAERS TO 


Derleus’s Side, Bthe unknown Star; then, 


1, Inthe Triangle ADI there is given two Sides, AI 40 dep. 58 min. 


the Complement Latitude of the Swan's Beak, Di 59 deg 55 min. the 

Complement Latitude of Perfius’s Side, the contained Angle AIDiz0 

deg. 33 min, the 

the Angle DAT, and the fide AD required. 
The Operatioz. 

As f. $’'Zcra. AL and DI - 

‘To f. 7 Xcia, ——~ 


So ist c. 4 Z AID-—-—--— 60 
Tot.2 X4s DAI and ADI —o6 56 ———-——-—  19.C8 58664 
Co, Ar, 


50 26 0.1958 9972 


Plate 3. Fig. 6. 
Co. Ar. 


eee 


50 26 
og. 28 ——--—~——=-—— 92160967 
» 9.7597 587 


76 2S 


As fe. § 'Zcra. AJ and DI 
To fe. 4} Xera. ——-——- ——- 09 
So iste. 7 AID —— 40 

, Tots; Zés DAI and ADI— 41 

The Angie DALis 48 25 


16 —eem— — ——-— 9.7 507 587 


Co, Ar. 


Here IK reprefents the Poles of the Ecliptick, A the Swan’s Beak, D a 


fi 


Difference of Longitude between the two Stars, and 


O.1130L10 | 


98 += 99940449 


29 —a——~--——=— 4 9.9466808 


As { DAT —-——————$-— 48.28.) er 0.261035 
‘Fo f, DI ——-—--——-—_59_ 55 7 __ 99-937 053m 
So is { AID-———-——-—_20_. 33 —-——- = 9.93, 50969 
Tof AD > 85 3 ¥ 

mcg. O24 


2. In the Triangle ADB there is given three fides, AD 85 


min, the Diftance between two known Stars, AB 49 deg. o§ min, the-- 


unknown Star’s Diftance from the Swan’s Beak, BD 88 deg. 57-min, the 


Diftance from Per/éus’s Side ; and the Angle DAB required. 
The Operation, ‘Plate 3, Fig. 6. 
AD——— —— 85° 02’ Sine Co. Ar 0.0016337 
AB———— 49 05 Sine -e~— > 


— ae 


BD 88 557 RSumeTIr? 32' Sine — 9.968 5783. 
Sum —— 223 04 Kem.—22 35, Sine —— 9.584361 5 
2 Sym————— 11132 pa Sum 19.6762454 
Rem, 22 35Se.—46 28 —half Sum 9.841227 


Which being doubled, makes 92? 56’, the Angle DAB required. 
“Which being added to the Angle DALI, the Sum is the Angle BAL 


I4i deg. 21 min. 
3. Inthe Triangle ABI there is given, the two Sides, AI 40 deg, 


(I Me . 5% min, AB 49 deg. 05 min, the contained Angle BAI, 141 deg. 21 min. - 
} J z % 


_ and 


Co. Ar. 0,1216719-. - 


‘ TR nid T> iat 
Bayer ‘ 
* z ” 


and the Angle AIB, the Difference of Longitude between the unknowa 
Star, and the Swan’s Beak, and the Side BJ, the Compl. of the unknown 
Star’s Latitude required. . | Plate 3, Fig. 6. 
The Operation. 
7 Co, Ay. 
O10. 50358 
ee RET OS mar a at 8 8 8en09 
pees A) A) techni beetewevent en 10. SAS TOS 
To t.2 4s ABI and AIB—-0o2 00-——~—~ T8.544479 5 
0. AY, 
As fe. 2 Zcra. Al and AB ———'45§ Se ee een. TPs 
To fc, § Ker. ———- 4 wena fhe See eae at 
So iste. ? BAL ———----—~ 70 san A OL 
Tot. +'LZs ABI and AIB——26 Aaa ¥0.6946749 
The Angle AIB is 28 deg. 20 min. which added to the Longitude 
of the Swan’s Beak, Vr 26 deg. 39 min, makes the unknown Star’s Longi- 
tude to be x 24 deg. 59 min. 


to eee ee igeahs Weaniedier: peasy. 6: Melee Vegraina msn oamny ai namnes 0.8783281 
Oy Sh di nA 10ST 

'* -'TofLBI ————— 83 57 19 997575 
i ‘hofe Complement to— 92° that is 6° 3’ is the unknown Star’s 
~ Latituce Northerly. 

PROB. XXI. The Meridian Altitude of anunknown Star or Planet, 
and the Diftance from a known fixed Star being given ; to find the un- 
known Star’s Latitude and Longitude. | 
Example, In the Latitude 51 deg, 32 min. North, the Meridian Alti- 
tude of an unknown Star is 30 deg. 36 mia, and his Diftance from the 
Star in Cepheus’s Girdle is 84 degrees 32 minutes, to find his Longitude 
and Latitude. } 

The Meridian Altitude of the Star being given, his Declination is alfo 

Bean. | 
For the Meridian Altitude fubtraéted from the Complement of the 
Latitude 38° 28’, there remains 7° 52’ the Declination South. <a 

Firjt, Theretore in the Triangle AOP, there is given the three Sides 


AP 07 deg. 52 min. the unknown Star’s Diftance theretrom, AO 84 deg. 
$2. min. the Diftance between the two Stars, and the Angle APO required, 
being the Difference of Right-Afceniion between the two Stars (by Cafe 
the 112b.) . Plate 4. Fig. 7: 

, O02 The 


Aftronomical Problems. oT 


Asf AIB ee a 28° 20! = 0.32 36719 


OP so deg. 52 min. the unknown Star’s Diftance trom the North “Pole, 


ge tee alls 


Aftronomical Problems. — | a 

The Operation bi y Ane 

» OP - 90° 52’ Sine-——~————-—--— Co, Ar. 0.448380 © 

AP 97 eS Sine ————-—— +— (0, Ar. ocee 
zona) MOL 38° SIC no 

Rem, 17 06 ——--—_— 9.4684069 
Sum, '9.911$221 > f 
Sc. 5 23 7 OUM™—9.95 59110 _ 


2 2 

Which doubled is 50 deg. 46 min. the Angle APO. = 
The Right Afcenfion of Cephews’s Girdle ts 321° 02’, to which adding — 
50° 46' (the unknown Star being to the Eaftward of the known Star) - . 
_produceth the Right Afcenfion of the unknown Star 11° 48’. ye 
Secondly, Then having the unknown Star’s Right Afcenfion and Decli- 
nation, you may find his Latitude and Longitude by “Prob. 19. 4 
PROB. XXII. Having the Latitude of the Place, the Sun’s Right Af y 
cenfion, and the Altitude of a known fixed Star, to find the Hour of | 
the Night. ‘Se 
Example. Inthe Latitude of 51° 32’, the Sun’s Right Afcenfion being 4 

228° 45/ and the Altitude of Aldebaran 38° 58’, to the Eaftward of the — 
Meridian ; to find the Hour of the Night. : 7 | 

The Right Afcenfion of A/debaran is 64 deg. to min. and his Decli- — 
nation 15 deg. 46 min. > oa 
In the Triangle APZ, there is given the three fides PZ 38° 98’ the 
Complement of the Latitude; AZ 51°02’, the Complement of the Stars — 
Altitude ; AP 74° 14’, the Complement of his Declination, to find the — 
Angle APZ, the Difference of Right Afcenfion between Medium Cali 


a 


and Aldebaran, The Operation, Plate 4, Big, 8. 
Cae Sigee7a tq gaa 3 ——--—— ©, Ar. 0.01665 5t e 
PZ, Sine 38. 28: ——-——--—- ——--——. Ca. Ar. 0.2.961683 

; oum, Sine 81 9 52 ——-—-———--— 9.9956095, — 
Rem Sin€ 30° 50. ———= 9 709729095 

bos Eby 23 : -Sum 19 ee 

Se.22 §9 —— eee 9.9040B14. 


Which doubled, produces 45° 58’. : = 

This fabtra@ed from the Right Afcenfion of A/debaran leaves 18?) 
y2' the Right Afcenfion of the Mid Heaven. Add 360 deg. to 18 deg. | 
72 min. and from the Sum fubtradt the Sun’s Right Afcenfion 228 deg.45 — 
min, the Remainder 149 deg. 27 min. reduced into’ Time, makes.9 Hours — 

_ 57 Minutes 48: Seconds, the Hour of the Night fought. . 
PROB. AXIEH. Two unequal Altitudes of the Sun taken in one Day, ame 
with the Time between the Obfervatiors, and the Sun’s Decli- 7 
ha . naticn, | 


Bent. nee 


SS 


ss ag 
Obfer= 


Northerly. ; 
In the Right-angled “'riangle ABP, there is given the Hy pothenufe 
AP 69 deg. 46 min. the Complement of the Declination, the Angie 
APB 15 deg. halt the time between the Obfervations, and the oppofite 
Leg AB required. Plate 4. Fig. O, 
} The Operation. if 
As Radius ———-——-»—- 190.COCO0CO 
To f, APB —-~—15° 00’ ———-——- = ——- —— ——- 9. 4129962 
Soisf, AP———69 46 : 9.0723 380 
Yo f. AB + 14, 03 . 49.35.53342 
Which being doubled, gives AE 28 deg.6min. _ | 
Secondlv, In the Oblique-angled. Triangle APE, there is given the two 
Sides AE 28 deg, 6 min. EP 69 deg. 46 min. the oppofite Angle APE. 
30 deg. co min.and the other oppofite Angle EAP required. 
: Plate 4, Fig. 9. 
The Operation. Co, Ar. 
Asf, AE —~———— 28° 06. —- nr 0.326068 


eae ee 


To f. APE—~——30 00 a eres ———— 9.6.93. 9700 

So isfEP-————— 69 46-——~ — ~ 9.6723380 

To f. EAP 84 54 19.998 2:761 
Thirdly, In the Oblique-angled Triangle ALE, there is given the 
three Sides AZ 33° 26" the Complement of the greater Altitude, BZ 

46° 54’ the Complement of the lefler AE. 28° 06’, and the Angle RAZ 

required, | The Operation, Plate 4. Fig. 9. 
PAZ, Sine 33° 26'-——- —— —_-— Oo. Ar. 0.25887 50 

AE: Sine 2% (06 —— + C0. Ar. 0.3269681 

2 SineSum $4 13 —————=»——-— Log, 9.9091 461 

Rem. Sine 07) 19. —~-—--————.— 9.10 50096 

Sum 19.5999988: 

| eee SO 52! half Sum, 9:7999994 
Which doubled, produces EAZ ror degrees 44 minutes, from which 

fabtracting EAP $4 deg. 54 min. there remains PAZ 16 deg. 5° min. 

Fuurth/y, In the Oblique-angled Triangle APZ, there is given the 

two Sides AP 69 deg. 46 min. A’Z 33 deg. 26 min. the contained Angle 

| PAZ 16 deg. 0 min. and the third Side PZ, required. The 


= —— 


As Radius Papin ka gear 


To fe. PAZ —— —— 16° 
SopstoAZ, —— 33 
Tot. of a fourth Arch 39 


As fc. of the fourth Arch ~32 
As fe. of the Refidual a7 
Sousic: A7e A 3 
to fe.P Za — ———— 38 
Whofe Complement —-—-—5$1 


é 


Declination being given; to find 
Lxamp_e, 


55 deg. 34 m 
titude of the Place Northerly. 


thenufe AP 69 deg. at 


Aftronomical Problems. 
The Operation, 


PROB XXIV. Two unequal Altitudes of the Sun, and the Difference 
of their correfpondent zimuths taken in ne Day, and the Sun’s 


The firtt Altitude is 43 deg. 6 min, and thefecond A/titude 
in. the Difference of Azimutbhs 39 Degrees 16 Minutes, and — 
the Sun’s Declination is 20 Degrees 14 Minutes North; to find the La- , 


Firff, In the Oblique angled Trian 
Sides AZ, 33 Degrees 26 Minutes, EZ, 46 Degrees 54 Minutes, the con= ' 
tained Angle A’'LE 39 Degrees 16 Minutes, the Ditterence ofthe 4zi- | 
muths ; and the Angle EA, and the third Side AE required 


So iste. 7 AZZKE———--—- ——-19 


Secondly, In the Right-angled Triangle ABP, there is given the Hypas 
min. the Leg AB 14 deg. 04 min. the | 
and the adjacent Angle BAP required. 


Plate 4. Fig. 9. 
10.000C0CO 


| 


ee em 


1s 9.922938 | 
1 eee 9.81 96844 |) 
1 eet ons tanner 0.801 97 $2, 

| Co. Ar. OK 


52 ~— = 0.07 33286 | 
eerie mpi tem wh hE 


26 i — 9.9214408 | 
17) ——-—_—— ——_ 49.8048164 | 
43 isthe Latitude Northerly. | 


the Lat. of the place of Obfervation. 


1) 


gle AEZ, there is given the two ! 


a | 


The Operation. Plate 4. Fig 9. 
actin Co. Ar, 
As f. § Zcra. AZ and EZ 4O | 10 se — 0.100431 4 
Tot. 7 Xera. . 6 4£4——-— 9,0691074 © 
Sois te. 4 ALE——————-—19  38——— — 10.4476486 | 
Tot. } X4s EAZ and AEZ 27 .0o ———~— 79:07 j 
. co, Ar. 
As fc. § Xera. AZ, and EZ, —— 40 10 —— 0.11 68092 5 
To fc. + Kera, 06 44>—— 9.9960941 


10.4476486 | | 


— 
eae 


——— 


Pot. 2 Zits RA Zand AW Ha 300 49.5614519 | 
| The Angle KAZ 101° 39’ Co, Ar. aml 
As £EAZ ———— Iol 39 ———---—~ 0.0090412, 
ho doz, , SAG N54 ——— 9.86341 94 4 
So is f, AZE . ——-—39 16—————— 9.8013 565 
SoG ear ka eh a eneie  S 


~ Aftronomical Problems. 


The Operation, , 
Ah —— 10,0C000CO 
Totc. AP 69° 46’ ee ce re 9.506 5424 
Soist, BA 14 04 en i ee ————— 9.3 9891 91 
Tofe. BAP 84 42 —~-——-—____-——__ 48.06 54615 
From the Angle EAZ tor deg. 39 min. fubtract the Angle EAP 84 
deg. 42 min. there remainsthe Angle PA’Z 16. deg 57 min. 
_ Thirdly, In the Oblique-angled Lriangle PAZ, there is given the two 
Sides AP 69° 46’, AZ 33° 26’, the contained Angle PA'Z 16° 57's and: 
the third Side PZ required. Plate 4. Hig. 9s 
| ee, The Operation. 
As Radius —— ——- ~~ 10.0000C00 
To fe. PA'Z —~—_~ 16° 57’ —~—-——>—+ —. 9 9£07120 
So ist. A’Z,——— 3a). 26. 1—— + 9.8. 96844 
Fo t. of a fourth Arch ——32 16 ——~————__. 49.8003 964. 
| | oe ge Co. Ar. 
As fc. of the fourth Arch 32° 16! -—__---~.. 0.0728491 
To fe. of the Refidual———~ 37 30 ————-__.——-. 0.899 4667 
So is fc, AZ-—-——---—-— 33, 26 ——--_----—-. 99214406 
To fc. PZ, ———-—----—. 38... 28 -_-__ ____ ¥9.8937 504 
Whofe complement —51 3218 the Latitude Norih. 


Sect. Ill. Containing the general Aftronomical Theories. 


The Ptolomaick Syftem. 


THE Ptolomaick Syftem is that which was by Prolomy invented,. and 
fuppofeth the Earth to be fixed as the Center of the World, and’ 

that all the Celeftial Bodies move round the fame in their Diurnal and 
Annual Revolutions. ; ae 
_ The World is fuppofed to be divided principally into-two Parts, 
Elementary. and Celeftial, 
_ The Elementary admits of four Divifions, 
The Firft is the Earth. hye 
The fecondis.the Water; both which make one entire Body-or Globe 
whereon we dwell. : ; 
The third is the 4r, encompafling the Earth. 
And the fourth is Fire, which according to the Opinion of ancient: 
Philofophers, is contained in that Space between the Air and the Sphere 
ofthe Moon ; as you may fee in the following Figure. 3 Lhe. 


Nae a ee 
, ap ae 


The Figure of the Ptolomaick Syflem 
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Thefe four Elements are fubject to a continual Change and Alteration © 
one into another, according to the Proverb, Omma Sublanaria mutabilia, 

The Ceoeleftial Part is that which is without théfe Elementary Parts void ~ 
of all Changes, and is by the ancient Afronomers divided into ten Parts 
or Heavens. 

The firft of which, next tothe Region of Fire, isthe Heaven, or Orb 
of the Moon. , 

The fecond of Mercury. The third of Venus. The fourth of the Sum, 
The fifth of Mars. The fixth of ¥upiter. The feventh of Saturn, | 
The eighth of the Fixed Stars. The ninth is called the Chriffalline Hea- 
wen, ‘Lhetenththe Primum Mobile. ; - Them 


Die: 


| The Planetary Syflem. . IT 
The Magnitude of thefe Heavens is known by the Courfes which thcfe 
great Bodies within them make round the Poles of the Zodiack. 

The Moon runneth through the Heavens by her own natural Courfe 
from Weft to Ea/t, in 27 Days, 8 Hours. | 

Mercury in 88 Days. Venus in 225 Days. And the Sun in a Year. 
Mars ina Years, “fupiterini2 Years. Saturn in 30 Years. 

The Eighth Heaven pertects its Courfe, according to the Afirmation 
of Tycho Brake, in 25400 Years. 

Thefe Heavens are turned about upon the 4xis of the World by the 
Tenth Heaven, which is the Primum Mobile, or Farf? Mover, by which 
Motion is caufed Day and Night, and the Daily Rifing and Setting ot 
the Heavenly Lights. 


Lhe Tychonean SY § TE M. 


« 


This Hypothe/is derives its Name from the Author thereof, Tycho 
Brahe, a Nobleman of Denmark, the moft famous Affronomical Obfer- 
- vator in the World in his Days; who by his own Obfervations did rec- 
J See 3 P ie as. pre tify 7 
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tify the Places of moft of the Fixed Stars, which appeared in that Ho- 
yizon wherein he lived. ‘This Famous Man, according to his prefent 
Apprehenfion, framed this Hypothe/is of the Heavenly Motions, wherein 
he fuppofeth, that Venus, Mercury, Mars, “fupiter, Saturn, in their 
Motion refpe& the Sav as their Center; and the Suz and Moon the 
Earth ; and that Saturn, in Oppofition to the Sun, is nearer to the Earth 
than Venus in Apogeon, and that Mars in Oppofition is nearer the Earth 
than the Sun itfelt; as may appear in the faid Aypothe/is. 


The Copernican SY ST E M. 


This Hypothe/is was firft invented by Pythagoras, and revived by 
| Copernicus, a famous Affronomer of Germany, who lived in the Year — 
i, 1500, who fuppofes, rete oe | : 

' "1. That the Suw is placed in. the midit of the World, in or.about 
the Center of the Sphere of the Fixed Stars, and hath no circular Mo= 


(2)! tion, but Central only. — | ties Thee 
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2. The Primary Planets are each of them in their proper Syftems 
moved about the Sun, and accomplith their Periodical Revolutions mof 
exactly in their determinate and appointed ‘Times. | 

3. That the Earth is one of the Planets, and with her Annual Motion 
about the Sua defcribeth her Orb in the Middle, between the Orbs of 
Mars and Venus. 

4. That the Secundary Planets are ordinarily moved about the Primary 
Planets, re{pecting their Bodies for their common Nodes and Centers. 

3. That the Secundary Planet, the Moon, is moved about the Earth as 
her Center, where, by reafonof the Annual Motion of the Marth, the 
hath not only relation tothe Earth, but by confequence to the Sun, as 
have the other Planets. 

6, That as this Primary Planet, the Earth, is invironed with the 
Sphere of the Moon; fo are fome of the other Primary Planets, who 
have in like manner their Aéoons or Concommitants encompafling them, - 


The Motion of the Planetary Syftem. 


Firff, The Sun hath only a Rotation from Weft to Eaft, upon his 
own Axis, in the Space of 26 Days, or thereabouts. 
Secondly, The Planet Mercury performs this Revolution about the 
Sun in 88 Days; which is noted in the Scheme with the Figure 18. 
Thirdly, The Revolution of Venus is 225 Days; noted by the Fi- 
ure 2 @. 
rN Fourthly, The Revolution of the Earth with the Moon in one Year 3 
_ noted by the Circle 3 ©. | 
Fifthly, The Revolution of Mars in two Years; noted by 4d. 
Sixthly, The Revolution of ‘/upiter, with his four Companions, in 
12 Years; noted with § y. 
Seventhly, The Revolution of Saturn, with his Riag and Moon, in 
30 Years; noted 6 h. | 
The Moon circumvolveth the Earth every Month; S/upiter’s four At- 
tendants him, in Time correfponding their Diftance trom him. 
The firft, and next him in 1 Day 18 Hours. 
The fecond next without that, in 3 Days 13 Hours. 
"The third, in 7 Days 4 Hours. ; 
And the fourth and outmoft, in 16 Days 8 Hours. 7 
Saturn’s Moon moves about him in 16 Days; and all from Weft to 
faft, according to their Revolutions about the Suv. 7 
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Saturn, Fupiter, Mars, the Earth, Venus, and Mercury (whofe Revo~- — 
lutions refpect the Su only) are called Primary Planets. | 

The reft that move again about Saturn, “fupiter, and the Earth, are 
Secondary ‘Planets. : 

The Earth hath a Revolution upon her Eiquinoctial Poles in 24 Hours, 
from Weft to Eait. 

The Secondary Planets are all ofthem much lefs in Magnitude than 
their Primary, and all the Planets together much lefs than the Sun, from — 
whom they all receive their Light, Virtue, and principal Power of ; 
Motion, 

For without the Planetary Sy/tem are placed all the Fixed Stars, in 
feveral Diftances, but all unto us incommenfurable. The Para/ax of the 
Earth’s Orb being incenfible in any of their Places, 


a Defcription of the Golden Number, Cycle of the Sun, Roman 
IndiGion, Epact, aud Leap-Year. 


cE HE Golden. Number or Prime, is a Circular Revolution of 19 Years,. 
"in which Term of Years it hath been anciently fuppofed, that the _ 
Sun and Moon do make all the Variety of Afpe@s one to another. 

The Cycle of the Sax maketh its Revolution in 28.Years,. becaufe in 
that Time all the Variety of the Dominical Letters. and Leap-Years. are 
expired, and the 29¢h Year the Cyc/e doth begin again; which Number — 
is to find out the Dominical Letter for any Year, patt, prefent, or to 
come. 4 

‘The Roman Indidion confifteth of 15 Years, and is fet down in.the } 
Charters and ‘Writings of the Protonotaries of the Pope of Rome; for 
ence in 15.Years the Nations were to pay Tribute to the Romans: | 

The Epaé is a Number never exceeding 30 Days; it is the 11 Days 
and fix Hours, which added to the Lumar Year, being 354 Days do 
make it equal to the Solar Year, which is 365 Days, 

~The Leap-Year is every 4th Year, which hath one Day more init than 
a common Year: This Day. is made. up in 4 Years, by the odd 6 Hours — 
that are over and above 365 Days, which Day is added after the 24th 
of February 3 fo that in the Leap-Year february hath 29 Days. | 
And here Note, that the Prime and Dominical Letters, and the Cycle™. 
of the Sun, change the 1ff of Yanuary 3 and the Epaé the 1// of March; 
and the Roman Indidion the 1ft of September. ‘ 
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-_ Memorial Verfes on the Ecclefiaftical aud Civil Kalendar, &c. - 
~ To know if it be LEAP-YEAR. 
Divide the Year by 4, what's left [ball be, 
for Jieap-Year 03 for paft, 1, 2, or 3. 
Here you may omit the Hundreds of the Year of our Lord, and di- 
yide the Retidue by 4. - 
For Example. 
Anno 1739, omitting the Hundreds I divide the Refidue,.which is 39,. i 
by 4, and there remains 3, which fhews it is the third after Leap-Year. 
#: To. find the Dominical Letter. 
) Divide the Year, its 4th, and 4 by 7 3 
What's left, fubtrad from 7, the Letter's given. 
A1,B2,63,D4, B35, F 6, G7; 
Example. 
Of the Year of Chrift’ ——= 1730 
The 4th Part (omitting Fra@tion) is ——- 434 
‘To both which Tadd the Number —— 4 
The Sum is —- IF7 
which divided by 7, there is left 0, which fubtracted from 7, there refts 
7; which fhews the Dominical Letter for the Year 1739 1s the 7th in 
Order of the Alphabet, that is G. 
But the Leap-Year hath two Dominical Letters; the latter found by 
this Rule ferveth trom St. Matthias’s Day to the Year’s End; and for 
“finding Eaffer, the former (next following in Order from A to G, and be- — 
ginning again at A) ferveth from New Years Day unto St. Matthias. 
For the Golden Number, Cycle of the Sun, and Indiction, 
) When t, ©, 3, to th’ Year hath added been, : 
Divide by 19, 28, 15. 
4 sas Example. 
To 1739 1 add 1, the Sum 1740 I divide. by 19, and there remains: © 
£1; which is the Golden Number for the Year. 1739. an 
Again: ’o 1739 T add 9, and the Sum 1742 I divide by 28, the Rew 7 — 
fidue 12, 1s the Cycle of the Sum Anno 1739, 1a 
Laftly ; To 1739 I add 3, the Sum 1742 divided by 15, the Re- | 
mainder 2, which fhews it isthe ad Year of the IndiZion for the Year 17 30, iy 
ihe Prime, or Golden Number, bein given, to find the Epatt, 
Divide by 3, for each one e[t add 103 
39 rejedd, the Prime makes Epact then, Example: 
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7 _ Example. 
Aino 1739. The Golden Number 11, I divide by 3, and there isleft 23 
therefore ten ‘Times 2, which is 20, added to 11, the Sum is 31, from 
which reject 30, there refts 1, the Epa for the Year 1739. 
By the Nineteen Epatts, to find the Day of Eatter Limit, 
fromthe Beginning of March inclufively. 
The Epadts take from 47, but two; . 
The greatefi take from 77, twill do. 
Arte,’ Example. : 
_ Anno 1739. The Epact being 11, I fubtraét it from 47, and the Re= ~ 
fidue 45 is Eaffer Limit, Anno 17393; that is, April 15th, reckoned 
trom the Beginning of March inclufively. 
But when the Epaétis 28 or 29, it muft be fubtracted from 77, that 
fo the Limit may remain: And the next following Suaday after the Li- 
mit is always Eaffer Day. : 


Batter Limit, and the Dominical Letter being given, 
to find Eafter Day. 
The Letter more by 4 from Limit takes 

What's left from neareft Sevens, foall Wafter make. 
Or thus: Take the Number of the given Letter more by 4 from the | 
given Limit, and the Refidue from the neareft greater Sum of Sevens $ 
the laft Remainder added to the Limit; the Sum, or its Excefs above / 
31 is Kafer Day in March or April. 3 2) 
* Example. 4 
Anno 1739. ‘The Dominical Letter is G, which is the feventh Letter _ 
in Order, which more by 4 is 113 which take from the Limit 46, the 
Refidue is 35; this take from the neareft greater Sum of Sevens, _ 
which is 42, and there remains 7, which being added to the Limit 15, . 

the Sum is22 ; therefore the 224 of April is Eaffer Day, 1739. 
For the Days of the Month on which the Sun entereth the Twelve Signs, | 
Twice 9, twice 10, four 12’s, 113 | 4 

Then 10, then o, then 8, or 7: 
| Anno 1739, Oi# 

Pe Be We Be Ay OAR ee MGC ERA) ple Ti 
Mar. Apr. May, June, July, Aug. Sept. Oct. Nov. Dec. Jan. Feb. | 
Or - 9. 10, TOs 12. “92 Mas) 18. + ee, re, 9. . 3. 
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For the Degree of the Sun’s Place on any Day, 
From the Day of the Month on which the Sun’s Place is required, if 
ou may, or elfe from the Sum of that and 30, fubtra& the Day of his 
jt atetnce into the Sign of that Month, the Remainder will be rhe De- 
gree of his Place in that or the next preceding Sign. 


For the Age of the Moon, or Day of her Change. 
PRISE Da Thy (meme, Ylt lise, 
4 Ban er, 10, thefe fo the Epad fix: 
The Sum (*bate 30) to the Month-Day add, 
Or take from 30, Age or Change is had, 
Or thus: Add to the Epact in 
Jan. Feb. Mar. Apr. May, Jun. July, Aug. Sept. O@. Nov. Dec. 
Ba ty es 35 4) ~ 3s ? bt TO, SO. 
‘The Sum, if it be lefs than 30, or elfe the Excefs above 30, added 
to the Day of the given Month (rejecting 30 if need be) gives the Age 
of the Moon that Day; but fubtracted trom jo, leaves the Day of the 
‘Change in or from the Beginning of that Month. 
For the Day of the Full Moon, add or fubtra& 15, to or from 
the Day of the Change. 


-. Example. : 

1. For the Age of the Moov, Anno 1739, May 29; the Number for 
the Month 3, added to the Epact 1, makes 4; which added to 29 
(rejecting 30. from the Sum) gives 3, the Age of the Moow required. 

2, For the Day of the-Change (or New Adoon) in May 1739, the‘E pact 
1, with the Month 3, makes 4, as before ; which fubtracted from 30, 
the Refidue 26, is the Day of the New Moon, in May 1739. 

_ 3. From which fubtract 15, there remains 11, the Day of Full 
Moon in May 17393 and to 26 add 15, the Sum 41, fubtraéted from 
May 31 Days, gives une 10, the next Full Moon, €8¢. 


To find the Day of the New Moon, and the Entrance of the Sur 
7. into the Signs, for Time paft, or to come. 
vo By 3 tee ae ee 
— Paft, add; to come, fubtrad for Moon and Sun. 

Or thus: For every 312 Years paft, add 1 Day to the Time of the 
New Moon found above; for 312 Years to come, fubtractr Day. 
_ Likewife for 131 Years paft, a Day is to be added to the former Ac- 
count of the Sun’s Entrance , and for 131 Years to come, fubtracted, - 
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To find the Diftance of the Sun from the Nodes of the Moon | 
- perpetually in all Lunations, Remember, — 
Year 17 hundred, Node, Sign 4, Degree 
27, 3, 800, 43. 

1. Take the Interval between the given Time, and 1700 compleat 
in Years and Days, allowing 12 Months to the Year, and 30 Days toa 
Month, and the Account will fuffice for this Work. 

2. Multiply the Years of the Interval by 43, and divide the Product 
by $cc ; the Refidue multiply by 9, then take the half of this Product 
and diftinguifh the laft Figure from the reft by a Point. So have you 
the Degrees, and tenth Part of a Degree, anfwerable to the Years of In= | 
terval. Alfo multiply the Days of Interval:by 43, and divide by $005 - 
this Quotient fhews the Degrees, and the Remainder divided by 80, the 
tenth Part of a Degree of the Motion for the Day of Interval. Then _ 
collect the former and latter Degrees and ‘Tenths into one Sum, and 
reduce it into Signs, Degrees and Tenths. a 

3. For times afore 1700 compleat, add the Signs, Degrees and Tenths- 
thus found, to 4s, 27° 3 Tenths; but for Time after 1700 compleat, — 
fabtraét them from qs, 27? 3 Tenths, and the Sum or Remainder thal] — 
be for the Place of g, adding 1 Degree for the Tenths if they exceed | 
5, elfe rejecting them. | 

Always in Additions omit Cycles (to wit) 12s or 360°, butin Sub- | 
tractions add one Cycle, if need be, to the Number from which you are | 
to fubtract. my 

Next by the common Rule for 1700, without any Correction for Time _ 

aft or to come, find the Sign and Degree of the Sun’s Place, and fub- 
tract the laft found Place of & from it ; the Refidue is the Diftance of 
© trom gQ required. . 


The Limits of Eclipfes of the Sun and Moon, tn Degrees from 
Peres 4 

Within 16 the Sun, and 10 the Moon, 

Suffers Eclipfes; above 18, 12, none. 


To find the Length of Days aud Nights iz the Latitude 

; 52 Degrees for ever. : | 
To1s, 1; 1,163 2, 6,33 | 
1, 2,°3,4 Hours; 4 and half agree, | : 


— (a 
. 


a 
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| Halfthe Length of the 4 Deere bis the time of 
To find the Hour of the Moon's coming tothe South,and Highwater at London: 


} ice in the annexed Table, 


| : ‘ 


é 
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othe given Diftance of the Sun from the next Equinoétial Point, 


| the anfwerable Hours are thefe ; to 15°, 1 Hour: to 1 Sine 2 Hours, 


to1 Sine 16°, 3 Hours; to 2 Sines 6°, 4 Hours; and to 3 Sines, 4 
Hoursand a half; which Hours added to 12, the Sumis from the Ver- 
nal Equinox to the Autumnal, the juft Length ofthe Day; but from the 


_ Autumnal to the Vernal, the Length of the Night in thofe Diftances, 


And for all other intermediate Diftances of © from the Equinoétial 


| Points, the Proportion is, As15, 16 or 20° to 60',,or as 20° to 30'5 So 
are the degrees of the Exxcefs of the intermediate Diftances above of, 15’ 

15 15, 16°, or 28,6°, and not exceeding 2° 26°, to the Minute of the 
Length of the Day or Night, above 12, 13, 14,15 or 16 Hours: Al- 
_ waysallowing 4 Degrees or Days afore and after the Ingrefs into @ and 


Ve tor oOlitice, | 

The Length of the Day and Night taken together is 24 Hours, from 
which if the one be fubtra¢ted, there will remain the other; And, 
Sun-rifing. 
Sun-fetting. 


The Moon’s Age Multiply by.43, Divide i 
| By 5 for Southing ; Add 3 for the Tide. 
But when the Age of the Moon exceeds 15 Days, you may reject 15, 
As in this Example. | 
Anua 1733, the Moon being 27 Days Old, out of which reje& 15, 


the Remainder is 12, which being Multiplied by 4 makes 48, which 


divided by 5 the Quotient is 9, and 3 the Remainder: which fhews that 


the Moon cometh ito South at 9 ot the Clock, and 3 timed 12° pait, 
| which is 36 Minutes, (And here note, that for every Unic in the Re- 


mainder, you muft reckon fo many times 12"; which mutt be added to the 


| Honor found in the Quotient, as in the Example aforegoing) to which I 


add 3 Hours,and the Sum is 12 Hours 36’ the Time ot tullSea at Londou, 
Bat it is here to be noted, that by maniteft Experience it is found, 
that when the Moon is in cither of the Quarters, then the Tides do not 
hold out their full Time, but it is High-water fooner than is found by 
the Rule, which may partly be occalion’d by the Weaknets of the ‘Tide 
at fuch a time, and the Length of the River. For by the toregoing Rule 
you may find, that when the Moon is 7 Days old, the time of High-water 
will be at 9 of the Cicck, when upon true Obfervation it will be found 
tobe ah Hour fooner; and theretore to know the true time of High- 
water, you muft Subtra& fome Minutes from the time found by the pre-' 
cedent Rule, according to the Age of the Moon, as you may plainiy 
. Lina ap /¢ 
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aymerr Example, The Moon being 7 Days old, it is 
The Moon's Age. A. M high Tide (by the Rule) at Lda at 9 of the 4 


1|14,16 291 1°) SO Clocks then in this Table look for the Figure 7, _ 


23512 28 v{°| 5} which is inthe firft Column, and right againft it 
31210 27,/E)010] in thetwo laft Columns, under the Title of | 
4 11119 26 & 1°20] Hour and Minutes you will find one Hour, which 
at sa el &]°3O] muft be fubtraéted trom the Hour found by the | 
eles ae ae Rule, andthe Remainder is 8, the true time of } 
Ee EOC. Hiph- water, E _ 


A Table foewing the Time of the Moon's coming to the South, ang | 
ites Day of ber Age. | | 


|iens \theors | The Ufe of the Table, to find the Time of the” 
Ager __\Seuthing.| Moon’s coming to South, The 1 and 2¢ Columns — 
Days |H.M.| thew the Days of the Moon’s Age; inthe 34 and qth 
oid “48 the hour and minute of the Moon’s coming to Sourha| 
36 Example. Vhe Moon being 10 Days old, I would | 
2A know at what time the Mooon will be South” iy 
find 10 under the Tit!e of the Moon’s Age, in the 

firftt Column 3 and right againft it.in the third and — 
48 fourth Columns, you have 8 hours co min, which | 
36 fheweth that the Moon being to days old, cometh — 
24) °° South, at 8 of the Clock, and oo Minutes; un= 
3 to which you add the time of flowing at Full and, 
Change, the Sum will be the time of Full Sea at the — 
48 fame Place. As here at London, the time of Flow- a 
36 ing at Full and Change is at 3 of the Clock, which | 
you are to add to the Moon’s Southing, and the — 
Sum is 1, which is the time of High-water when | 
1§ 3012 CO the Moonisto Days old, | 4 
To find the Hour of the Night by the foadow of the Moon upon — 
a Sun-Dial. a | 


= 


Firft, find her coming to South as before ; then fee how many hours _ 
- and minutes the fhadow wants of the hour of 12 3 which hours and mi- | 
nutes take from the hour and minute of the Moon’s coming to South ; and, 
the Remainder isthe hour of the Night 5 but ifthe fhadow be paft the . 
hour of 12, then you muft add fo many hours and Minutes as the fhas 
dow is paft 12, to the hour and minutes of theMoon’s coming to South, — 


and that will be the hour of the Night. | 
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Example. On the 4th of December 1733, I find the Moon to be 11 days 
old, and therefore fhe comes to the South 48’ alter 8 of the Clock; and 
{uppofe the fame Night you look upon a Sun-dial, and fhould find the 
{hadow to fall upon half an hour patti, which isan hour and a half palt 
the Line of 12, which 14. 30, mutt be added to 8b. 48m, the Moon’s 
| Southing, fhews it its 18° paft 10 of the Clock. 

Again, Suppofe the fame Night the fhadow had fallen upon half an 
hour paft 113 which wants half an hour of 12, which is to be fubtracted 
from $4. 48m the Moon’s Southing, and the remainder will be 15m. 
after 8 of the Clock. — 
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By CHAP) LX: | 
Of the MARINER’s COMPASS. 


Of the Variation of the Compafs, and the probable Caufes there- 
of. Some Obtervations to find the Variation. The Defcription 
and Ufe of the AzimuthGompafs ; And the Univerfat Ring-dial. 


SECT. I. Of the Original Difcovery, and Invention of the 
Mariner’s Compais, avd the Excellency thereof. 


F HE original Invention of this moft ufeful Inftrument, (by the 
Le ; help whereof the glorious Gofpel hath been tranimitted into 
the moft dark Corners of the Harth.) Some attribute to one 
 Yobn Goia (or Flavia Goia, as others {tile him) of Amalphiin Campania, in 
the Kingdom of Naples, who only accommodated the Superfices thereof 
with 8 Points, thatis 4 Cardinal and 4 Colatteral; and fo left the Im- 
provement of this Invention to be attempted by Pofterity. Others do 
| ntitle the Invention thereoftothe People of China, Dr. Gilbert, in his 
Book de Magnete, aflerts, that Paulus Venetus tranfported it firft into 
Traly,in the Year 1260, having learnt it from the Chinefés. And Ladi 
Vertomannus affirms, that when he was in the Ea/f, Indies, about the Year 
1500: he faw a Pilot of a Ship direct his Courfe by a Compafs fathi- 
oned and framed asthofe which now are commonly ufed. . 
And Mr. Barlow, in his Book entitled, The Navigator's Supply, Anno 
1597, relateth a Story of two Ea/t Indians, that he had perfonal Con- 
ference with, (one of them was of Mamilia in the Ifle of Lazon, the - 
other of Miaco of Fapan) who oa that inftead of our Compafs, 
2 


they ae 
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they ufe a Magnetical Needle of fix Inches, and longer, upon a P 
in a Dith of white China Marth fill’d with Water, in the bottom where. | 
ot they have two crofs Lines tor the principal: Winds. and the reft of the | 
Divifions being left to the Skill of their Pilots. Alfo he there relates, | 
that the Poteguefe, in their firft Difcoveries of the Eaf Indies, gota | 
Pilot of Mi/ende, that brought them.from thence in 33 Days within the |} 
fight of Calecut; by which it appears that then they had the Ufe ofthe | 


Compats, | | | | : 4 
But let the Invention be attributed to whom it will, “tis manifeftly | 
known to have received its abfolute Perfe@ion in thefe Parts of the | 
World: But more, particularly the compleating of this Invention is | 
due to the People of Aatwerp and Bruges, and ‘alfo to our own Nation, | 
by annexing to the Compafs twenty-four fubordinate Winds or Points; 
and alfoonthe Limb thereof 36c Degrees, which arenumbred trom North | 
and South,-towards the aft and Weft, with 10, 20, 30, &%c- So that it 
appeareth, that every Point containeth 11° £5’, Upon the N, Poin 
there is a Plower-de-luce, to diftinguifh it from the reit of the Points, 
Before the Invention of this rare Inftrament, Men were direéted ip 
their Voyages by certain Stars they took Notice of, efpecially the Pleigs 
des or Seven Stars, by Charles’s Wain, and the Pole Star and Guards in 
the Little Bear, which were therefore called Load Stars. Allo Travele 
lersin the Defarts of Arabia, and thofe of Yartaria, were guided by 
fome fixed Stars inthe Night-time, to fteer their Courfes in thofe path- 
lefs Ways. So Seamen were dire@ed by the like Heavenly Guides int 
unbeaten Paths of the Ocean, before this excellent Artifice was di 
-covered. Butifthe Sky happened to be Overcaft, then the moft exper 
enced Mariner was at’a lofs, and was conftrained to come to an Anchor. | 
orto lie by, to wait the appearance “of his Celeftial Direétors, A] | 
Pliny tetls you of the Inhabitants of Sunatra, who becaufe they could 
not behold the Pole Star to Sail by, carried certain Birds to Sea, whic 
they olten did let fly; and as thofe Birds by natural Inftin@ applied the 
flight alwaysto Land, fo the Mariners directed their Courfe after them, 
‘To thefe and the like Difficulties were Men expofed before the In- 
vention of this marvelous Inftrument, and by it Pofterity is furnithe 
with a noble Remedy againft this grand Inconveniency; and a Method 
difcovered, as by an immediate Meflenger from Heaven, to fteer an 
Infallible Courfe in the mo gloomy ights,and tumultuous Seas, and by 
the Providence of the Almighty be fafely conducted to the defired Port. 
~ Yet the Mariner’s Compafs is not fo abfolutely perfeg (by that ace 
quired Virtue it receives from the Loadftone) but that it requires fom 
stprovements, because it doth not confirmit felfte the true Meridian i 
a 
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Of the Mariners Compafs. Tas 
‘all Places, but varies ia fome Places more, in fome lefs from the dire@ 
-Pofition of the true North and South. This Variation of the Compafs 
augments the Mariners Cate, and ought to be conftantly obferved in all 
Voyages, the negle& of which-may expofe them to many Dangers, 


A Difcourfe of the Variation, and of the probable Conjedures of the 
natural Caufe thereof, ishandled in that which follows. I thought it 
neceflary (for Method fake) to fubjoin the Figure of the Mariner’s 
Compys. : 
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Sect. I. A Difcourfe of the Variation of the Compafs, ando 
the Natural Caufe thereof, With Obtervations on the Variation. 


HH E, Variation of the Compafs is an Angle intercepted between the | 
an= | 


tity and Quality. ‘Thefe Meridians fometimes are coincident in fuch | 


Magnetical and true Meridian, the Horizon determining its Qu 


Places where there is no Variation: Sometimes again they are different, 


and then that part of the Horizon wherein the Northern Extremity of | 
the Needle lics, denominates its Quality: for if it beto the Haftward, } 
then it is the Fafterly Variation; ittothe Weftward then Wefterly. | 

This Veriation of the Compa/s was formerly fuppofed to remain the , 
rf 


fame, which I fuppofe hath given rife to the Opinion of the firft Autho 


hereof, Mr. Seder, (who as it appears by former Impreilions of this Book) | 


fuppofed the Variation of the Compafs to be occationed by the Excava= 
tion of feme Parts of this Terreftrial Globe; and by Magnetical Veins, Cole 


laterally re[pecting the Needle, &c. but now the Vartation ts knowa to | 


vary in all Places, as appears by the following Obfervations of the Vari 
ution of the Compa/s near the City of Lendos, tur above an hundred 


Years laft patt. 27% 
Mr. Burroughs comparing feveral Obfervations, made at 1108 My | 
Limeboufe, Odober 16. 1580. tound the Mean Variation. 7) = 


By Mr. Ganter’s Obtervation at Limeboufe, “fune 13 
1622. the Mean Variation was then, t 5 55 

Mr. Gellibrand by his Obfervation made at Deptford, V_, 
Fune 12,1634. tound the Mean Variation to be, ; 
—And Fuly the 4th, 1634. he found by his Oofervations J 
at Pauls Cray in Kent, the Mean Variation, 4 

Mr. Yobn Seller, by Obfervations made at the Hermi- 
tage, near London, *fune the 4th, 136, and 14th, 1656, 
found the Mean Variation to be, 

The Worfhipiul Sir Nicholas Millet, at his Houfe in 
Batterfey, comparing feveral Obfervations made May 28, 
1670, found the Mean Variation. 

If we compare the firft of thefe Obfervations, viz that of Mr. Bur 
voughs, inthe Year 1580. with thole of the famous Capt. Halley, who 
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inthe Year 1701. found the Variation in all Parts of the Channel to be | 
7° 30' Wefterly) it being obferved nearly thefame at Loudon) the Mean » 


Motion of the Variation between thofe two Obfervations, will be found to 
be about 11 34 Minutes ina Year; but comparing the two firft Obferva- 
tions, viz. Mr. Burroughs, and Mr, Gunter’s, the Mean Variation is 8° 36° 
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‘ata Lfervations of the Variation. hoe 
Eaft, and its Mean Motion is but 7% Minutes in a Year; and by the Ob- 
fervations of the aforefaid Captain Ha//ey, when the Variation was about 
7: deg. Wefterly it increafed about 10 Minutes in a Years all which 
feems to Import, thatthe Motion of the Variation 1s floweft when it is 
neareft its Period or greateft Deviation, according to the tollowing 
Theory of Mr. Bind; Aud how far this may tend to the confirming of the 
Opinion of thofe who think that the ‘Pofition of the Wires of the Compafs 
(vearly) parallel to the Axis of the World, is oscafioned by the Attraction of 
|Maguetical Poles, which bave a regular iv'otion about (aid at fome diftance 

Jrom) the Poles of the World, we mufi eave toTime, and future Obferva™ 
tions to determine: But in the Mean Time,it feems inconfiflent with Reafo” 
(if uot impoffible in Nature) that. the Variation of the Needle fbould b? 
tca/.o1.ea by the Excavation of fume ‘Part of the Globe of the Earth, fiuce 
fuch Excavations muft be allcwed to be always the fame, contrary to cur 
Elypothefis of the Variation ; which by alove120Years Obfervations compared, 
is found to have a General (and perbaps @ Kegular) Motion. 


- « Mr, Bond’s Theory of the Motion of the Vartation. 
| Years | Variation Years | Variation Years Vaviaticn) Years Variation - 
2 | wep | wep | 
| Se ee 
16°9 
1690 
- 169t 
1692 
1643. 
1694 
‘| 1695 


SECT, Ill. The Defcription and Ufe of the Azimuth Compays. 
1 HIS Compas doth derive its Name from its Ufe, being princi- 
[ pally to find the Maguetical 4zimuth of the Sun, and ts tn feveral 
refpedis like into another Compafs, only with fuch neceflary things ad- 
ed, as are moft convenient for that purpofe. | 
Upon the round Box, wherein, are the Fly and Needle, is faftned a 
broad Circle of Brafs, the one half ofthe Limb thereofis divided into 90 
‘degrees, numbred from the middle of the faid Divifions both ways, with 
10, 20, 30, &e. unto 45 degrees; which degrees are alfo fubdivided 
into Minutes by Diagonal Lines, and by certain Excentrick Circles inter- 
feCting one another; for thefe degrees are drawn from the oppolite part 
of the Limb whereon the Index moveth, cutting thofe degrees. On this 
Tadex is creéted a Sight, which for conveniency is to fall down ee a 
ay inge,. 
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128 The Defeription of the Azimuth Compafs. 


Hinge, and to fet upon occafion 5 and from the top of this Sight dow 
tothe middle of the Index is faftned a Thread of Lute-ftring, to fhew the } 
fhadow of the Sun upon a Line that is on the middle of the faid Index, | 

And by this means of placing the Index upon the Circumference, the } 
degrees come to be aslarge again as they would be, if it be moved upon} 
the Center; the Truth hereof is evidently demonftrated in the Third 
Book of Eucl:d. Prop. 20. | : i 

This broad Circle is crofv’d at Right-ang'es, with two ftrings, and|, 
commonly from the Terminations of thefe itrings are drawn four {mall } 
black Lines on the Infide of the Box, for rectifying the Inftrument in time), 
of Obfervation, by the four Lines that are alfo drawn at Right , Angles,| 
on the Superfices of the Fly. runes i ‘| 

This Compafs being thus fitted, is hung tn ftrong Brafs Rings, and |. 
thofe alfo faftned into a fquare Wainicot Box, fit for that purpole 5) 
which you may more plainly perceive in this following Figure, | 


THE AZIMU'TH COMPAS S- 
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-» The Ufe of the Azimuth Compafs, 
 Firfl, You muft reétify the Brafs Limb on the edge of the Box (by 
ao Neale and Fly sittin the Box) according as the Nature of the 
Obfervation doth require. For ifthe Obfeérvation be in the Forenoon, 
then you muft put the Center of the Index upon the Weft Point of the 
Chard or Fly within the Box; and fo thatthe four Lines on the Edge on 
the Chard, and the four Lines by the infideof the Box, do always concur: 
The Inftrument being thus rectifyed, turn the Index towards the Sun, 
until the fhadow of the Ll) pothenujal Thread fall dirc&! pat the very flit 
of the Sight, that is on the Index ; and alfo upona Line that is in the 
middle of the Index; then at the fame time will the inner Eidge of the 
fides cut the degree and minute of the Sun’s Magnetical Azimuth from 
he Haft, tothe Northward or Southward. Re 
_ As for Infiance: Suppofe the Inftrument be reclifyed as before is fhewn, 
or an Obfervation in the F orenoon, and thatthe Index fhould cut ten 
legreesupon the the Limb to the Northward of the Flaft, then is the Azi- 
auth of the Sun 80 degrees from the N orth, or elfe 100 degrees from 
he South. So likewife if the Index had cut ten degrees to the South- 
vards of the Eaft, then would the Azimuth be So degrees from the 
Outh, and 100 fromthe North, 
_ And here alfo obferve, that the Compafs ftanding in this Pofition,and 
fthe Azimuth of the Sun be lefs than 45 deg. from the Meridian, and 
| » It will go offthe Divifions on the 
thereot as it now ftands, 
ment juft one Quadrant or quar= 
nter of the Index onthe North or 
to the Sun’s Pofition from you, 
g. of the Sun’s Azimuth from 
id asto the Ufe of the Azimuth 
fide; thelikeis to be underftood 
he Weft fide of the Meridian, 
That the Obfervations of the Sun’s Azimuth are bef 
ear the Horizon, becaufe. the Motion ofthe Sun in 
| 8 Altitude is more eafily obferyed., | 
< Io take an Amplitude by the Azimuth Compafs, 
\ Ifthe Amplitude be taken in the Morning, at the rifing of the Sua, 
yen you muft turn the Center of the Index right overthe Weft Point of 
je Fly, and rectify the Inftrament by the Lines within the Box, to the 
ines on the Fly, 
Then looking through the Sight, turn the Index towards the Sun un- 
| You cut the Body of the Sun ie the ‘Thread ; at the fame time will 
| : . , the. sas 
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i 30 er 
the Edge of the Index thew the degree of the Sun’s Magneticat Amplis} 
tude, upon the Limb of the Inftrument, from the Eat, either Northerly} 
or Southerly. | att: 4) 
~ But it you take the Amplitude in the Afternoon, at the fetting of the}: 
Sun, thei you muft tarn the Index over the Eaft Point of the Fly, and} 
roceed as before. | . | 
Bat becaufe the Refraion, (befides allowing for the Parallax) caufeth } 
the Sun to appear in the Horizon, when indéed he is about 30 minutes} 
below it; and confequently makes him feem to rife further to the} 
Northward in North Latitude (and the contrary) than really it doth 3// 
therefore to prevent any miftake thereby, let the Center of the Sun be |i 
about 30 minutes above the Horizon, when you obferve for the Ampli-| 
= tude, which will be when the lower Edge of the Sun is almoft half his}. 
Diameter above the Horizon, for the Sun’s apparent Diameter is about| 
K 32 minutes, therefore when his lower Limb is juft in the Horizon, his’ 
' Center is 16 minutes above it; and when the lower Limb appears 14/ 
minutes (which is almoft half his Diameter) above the Horizon, his 
Center appears about 30 minutes above it, which (for the reafon before : 
given) is the time to oblerve for the Amplitude. ee | 
Having foundthe Magnetical Azimuth or Amplitude, by the Com-: 
pafs, find the Sun’s Azimuth by Problem 13. Chap. 8. and the Sun’s Ame! 
plitude by Problem 8, Chap. 8. ro | 
Then find the Difference between the Sun’s Azimuth or Amplitude, : 
and the Magnetical Azimuth or Amplitude, by fubtraéting the one from! 
the other, the Difference is the Variation ot the Compafs. And to: 
know whetherthe Variation be Eafterly or Wefterly, obferve thefe fole: 


lowing Rules. 


: Rules for cafting the Variation. — | me 
1. By the Obfervation of the Azimuth. 4 
Inthe Forenoon. 1. If the Angle of the Sun’s Azimuth (by Calculati' 
on) from the North, be greater than the Magnetical Azimuth (by Ob-' 
fervation) thenisthe, Vartation Hafterly. | “ >. 
2. Ifthe Angle ofthe Sun’s Azimuth from the North, be lefs than 
the Magnetical, then is the Variation Wefterly. — ame 
In the Afternoon, 3. Ifthe Sun’s Azimuth from the North be great! 

er than the Magnetical, then is the Variation Wefterly. 
4. Ifthe Sun’s Azimuth from the North be lefs than the Magneti- 
cal, thenisthe Variation Hafterly. | 
Example. 1, Suppofe on the 4th of Fune 1752, in the Forenoon, I fet 
the Sun with my Azimuth Compafs, and find his Magnetical Azimuth 
tobe 90° 48’ from the North, at the fame time the Sun’s Azimuth, by: 


Calculation is 84° 20’ fromthe North part of the Meridian. ° | 
‘he 


is ei Sete 


Pw in OF the Azimuth Compafs. 134 


* The Difference of thefe ‘Azimuths (which is the Variation is 06° 18’ 5 
I demand which.way the Compafs varies ? 3 : 


. Anfw. Wetterly 3 becaufe: that Obfervation being madeiin the Fore- 


noon, and I find the Sun’s true Azimuth from the North to be lefs than — 
the Magnetical, according to the fecond Rule aforegoing. - 

Example 2. Admit that'in the Afternoon, at the fame time that I 
find the, Sun’s Azimuth to be 102° oo’, Ifind his. Magnetical to be 96° 
oo’ fromthe North. | . | | 

_ The Difference is'6° 00’; I demand which way the Compafs varies? . 
. Anfo. Welerly; becaufe the Obfervation being made in the After- 
noon, | find the Sun’s Azimuth from the North to be greater than the 
Magnetical, according to the third Rule. ; 
“ Nite, Thefe four Rules forcafting the Variation, by Obfervation of. ve 
the Sun’s Azimuth, are the fame in South as in North Latitude, the fi 
Sun’s Declination being either Northerly or Southerly. te 
a. II. By the Obfervation of the Amplitude. 

_ At Surevifing. 1. Ifthe Sun’s Amplitude be nearer tothe North than 
the Magnetical, then is the Variation Wefterly. 

2. Ifthe Sun’s Amplitude be farther from the North than the Mag- 
netical, thenis the Variation Eafterly. 
_ At Sun-feting. 4. if the Sun’s Amplitude be nearer to the North than ; 
the Magnetical, then is the Variation Eafterly. | 

- 4. Ifthe Sun’s Amplitude be farther from the North than the Mag- 
netical, then is the Variation Wefterly. 

Example. Admit that by the Azimuth Compafs, at Sun-fetting, I 
| find the Magnetical Amplitude to be19 deg. oo min. and the Sun’s Am= 
plitude to be 24 deg. CO min. from the Weft Northerly 3 [ demand 
which way the Compafs varies? ehiswor | 

 Anfw, Eafterly ; becaufe by an Obfervation at Sun-fetting, the Sun’s 
Amplitude is nearer to the North than the Magnetical, according to 
lg oaks Rule. Su ait 


Having by the former Rules found the Quantity and Quality of the Varia- 
ti0n, tt yet remains there be fome Directions for rectifying the Courfe. 


|__The-manner that I hall here fet down is perform’d by a Compafs- 

) Chard (having the Deg. on the Limb,) anda Pair of Compafies; which 

tho’ it be mechanical, yet tis facile and demonftrative, and inmy O- 

pinion, exact enough for Nautical Ufes ; however, any one may ufe the 
‘Pen ithe pleafe, OG EM yG,' ; 

| _ But before we deliver the Rule for Operation, it will not be ami 

: for plainnefs fake, to give His cocan re. 
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13% The Ufe of the Azimuth Compaf{s. a 
1. That whena Man dire@ly beholds the North part of the Horizon, 
the Haft is on he Right-hand; and the Weft on che Lefts acd CHeRaroe 
when.the North point of the Compafs (and confequently all the other | 
Points) vary from the true North or Metidian to the Eaftward, then | 
the Variationis reckoned to the Right-hand ; and for the fame Reafon, | 
if the Variation be Wefterly, ’tis accounted to the Left. © ‘ 

2. That in the Ufe of the Compafs Chard, you muft always obferve, 
that you place the Courfe, or Point on which you fteer right from yous 
© The Rule, ake the Quantity of the Variation in Degrees, fromthe | 
Limb of the Chard; between the Compafles (the Chard lying before you) 
as is direéted) placing one Foot on the Rhomb or Courfe; if the) 
Variation be Eafterly, turn the other Foot towards the Right-hand,) 
but if Wefterly tothe Left; the Number of the Degrees in which the} 
Point of the Compafs ftays, fhews the true Courfe from the North or | 
South, either Eafterly or Wetterly, the Quantity and Quality of the Vas | 
tiation being allowed. | 

4s for Example. 1. Let the Magnetical Rhomb, or Point of the 
Compafs, be North Eaft, and the Variation 10 Degrees Eafterly; I 
‘demand the true Rhomb ? . ; t 

The Chard lying as directed, take the extent of 10 Degrees between 
the Compaffes, and place it from the North Haft towards the Right. | 
hand, becaufe the Variation is eafterly, that fhews the true Courfe to 
be N F.. 55 degrees, or N-E. by E. a little eafterly. : a. 

2. Let the Courfe by the Compafs, be Weft and by South, 7. ¢. S.W. 
98 deg. 45. min. and the Variation 10 deg. cafterly, as before, I de- 
mand the true Rhomb ? 

Take the Extent of to degrees between your Compaifes, and place 
it from W. by S. towards the Right-hand; it fhews che true Rhomb 
to be S. W: 88 deg. 45 min. or almoft Weft. R. Oa ‘ 

3. Let the Magnetical Rhomb- be Weft, and the Variation 10 deg. 
Eafterly ; I demand the true Courfe ? “ . 

Take the Extent of ro degrees as before, fet it off from.the Welt to- 
wards the Right-hand, it gives the true Rhomb N W. 80 deg. Oo min, 
or almof Weft by. North esos tsa SYS ‘ a 

4, Let the Magnetical Rhomb be N N W. the Variation 10 degrees 
Wefterly ;: 1 demand the true Rhomb ? ‘ 

Takethe cxtent of ro degrees, place it from: the NN W. towards’ 
the Left-hand, becaufe the Variation is Wefterly, it gives the true, 
Rhomb, M:W. 32 deg. 30 min; oralmot NW by Ni 7)” a 

5. Letthe Courfe by the Compafs be Weft, the Variation 10 deg. . 
Wefterly, I demand the trac Courle °° ive . | 
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re The Ufe of the Ring-Dial. — 133 
- ‘Fake the Quantity of the Variation 10 deg. place it. from the Weft 
‘cowards the Left-hand, which fhews the true Rhomb to be S W. 80. 
“deg, or almoft W by S. | | 
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The Defeription of the Univerfa} Ring=Dial, 


THIS Inftrument confifts chiefly of two Rings, clofely fitting within 
Leach other, and a Bridge, and is either made of Brafs or Silver. 
~ ‘The outermoft Ring reprefents the Meridian of the Place, and on 
the forefide has one of its upper Quadrants divided into 90 Degrees: 
likewife on the backfide a Semicircle is divided into the like Number of 
! Degrees from the Hole or Center inthe Circumference. On the Con- 
vexity of this Ring is fitted a Nut with a Wire-ring to it, having a aes 
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134 The Ufe of the Ring-Dial. 4 
Line drawn in the Middle of it, to move any one ofthe Degrees on the 
forefide. 

The inner Ring (when they are open at Right-angles,) reprefents the 
Equinoétial Circle, on the infide of which is drawn a Line in the very 
midft, and thereon are divided the Hours into Halves and Quarters, and 
are numbred with their proper Figures on the upper fide of this Ring, 

The Bridge reprefents the Axis of the World, in the middle whereof 
there is cut tah : upon one fide are placed the Days of the Month, 
on the other the Degrees of the Sun’s Declination: Upon the Bridge is 
contrived a fliding Nut, which direéts a fmall Plate moving within the 
flit; this Plate is crofs’d with a tine Divifion, and in the midit thereof | 
is drili’d afmall Hole. ae 

To find the Hour of the Day by the Ring-Dial. 


‘ 


Place the Hole that is on the fmall Plate on the Bridge, to the Day 
of the Month, or the Sun’s Declination, and fet the Nut upon the ~ 
Convexity of the outer Ring, tothe Degrees of the Place’s Latitude 
(whether Northerly or Southerly) on the forefide cf the Ring Open 
the Ringsto Right-angles, and then having your Inftrument on your 
Finger, tarn the upper end of the Bridge towards the elevated Pole, and 
ee the flat fide of the Bridge againft the Sun, that his Rays may the 
better tranfpierce the little Hole; then turn the. Inftrument to the 

Sun, until the Sun-beams (by the little Hole) fall exactly upon the’ 
Line drawn on the infide of the Equinoétial, or inner Ring, then is 
{hewn the Hour of the Day according to the Capacity of the Inftru- 
ment. 

The dividing the Degrees of the Sun’s Declination on the Bridge of 
this Inftrument (which I purpofely omitted) is Geometrically defcrib’d 
’ by the worthy Mr. Edward Wright, in his CorreZion of Errors, who 1 
think was the firft Contriver of this Univerfal Dial, altho’ differing from 
this here difcourfed of. 


To find the Sun’s Altitude. 

To perform this, you muft firft fet the Line in the midift of the Nut, | 
upon the outer Ring to the beginning of the Degrees on the forefide of _ 
the fame; then putin a Pin in the Center hole, and hanging your Dial 
upon your Finger, turn the Edge of the outer Ring towards the Sun, fo 
as the Shadow of the Pin may fall upon the Divifions on the Backfide 5 
the Degrees cut by the Shadow is the Sun’s Altitude. ? : a 
Note, If you ufe the Ring-Dial in South Latitude, you muft place the — 
Hole in the fliding Plate on the Bridge to the Sun’s Declination, ufing | 
the South Declination inftead of the North, and the cc aie te ry e | 
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Lhe Ue o the Crois-Stalt. 
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Containing the Ue of the Crofs-ftaff, avd Quadrant : Likewi/e how to find 
the Latitude of a Place by the Meridian Altitude and Declination of the - 
Sun. And the Ufe of the Nocturnal. 


| The Figure of the Crofs-ftaff, and the manner of the Obfervation. 


/ 


| FITS Inftrument is of fome Antiquity in Navigation, and is com= 
| monly ufed at Sea to take the Altitude of the Sun or Stars, which 
it performs with fufficient exattnefs, efpecially if it be lefs than 6o deg. 
“but if it exceeds 60, itis not fo certain, by reafon of the length of the 
Crofs, and the fmallnefs of the Graduations on the Staff. ' 
The Staff is made ftrait, four fquare, and commonly of Box or Pear- 
: tree, and graduated on the fides with Degreesand Minutes. | 
The Croffes, ufually four, are commonly made of the tame Wood 

| with the Staff, of a convenient breadth, and of length Proportional to 
| the Graduations fitted to flide evenly upon the Staff without jogging. — 
On one fide of the Staff, the Graduations beginning about [hree 
} Degrees, and proceeding towards the Center or Eye-end, encreafe by 
every 10 Minutesto 10 Degrees 5 and this fideis called the Ten fide ; 
fométimes the Breadth of the Thirty Crofs fupplics the Place of the 
Ten-crofs, | 

_ On another fide of the Staff, the Divifions begin at about 10°, and 
inereafe upwards to 30° 5 this is called the Thirty-fide. . 

Qn another fide of the Graduations begin about 205 and increafe to= 
wards the Eye-end of the Staff to 60; this is named the Sixty-fide. 
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Sometimes the feveral fides of the Staff are numbred likewife with | 
their Complements to 90° in fmall Figures, viz. at 90° ftands 00 
againft 80° ftands 10°, at 70° ftands 20°, andfo of the reit. — | 

‘The Ufe of this isto take the Complement of the Altitude, or Ze= | 


nith diftance from the Staff without Subtraction. 
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A Table of the Lengths and Half Lengths of the Croffés, forewing the Mea. | 
Juve of each Crofs by the Graduation on the Staff, proving whether they | 
be rightly made or not. i 


O | Whole Length |Half Length o 
g. _ of the Crofles, the Croffes ! 
2 Degrees| Minutes Degvees| Minutes || 
3. Cy 08 33 09 O2 
(wo ; AF RA, ie 
ro From 3°€ 45 19 AT Te eS 52 
g' 60 30 “| 00 | 4° | -13 ’ 
INO aa Se it Sa | 


_ An Example of the Sixty Crofs. 
The length of the Sixty Crofs, if rightly made, muft reach from6o® 
to 30° 00’; and his half Length to 4o° 13’. 
There are two Ways principally for the graduating the Crofs Staff 
one by Geometrical Projection, the other by Arithmetical Calculation, 
I will give you an Example of the latter, by which you may divide 
any Staff, or at leaft be able to examine one that is already graduated, 4 
: Example. ; a 
Suppofe the length of the Sixty Crofs to be 10 ;2 Inches, and the © 
half Length 5 ;¢ Inches; I defire to know the diftance of 45° 33’ from | 
the Center of the Staff proportional to this Length of the Crofs. Take | 
halfof 45° 30’, that 1s 22° 49'. , 2 fF 
The Proportion is. y 
Asthe Tangent of 22 deg. 45. min. ———-——-----——-— 9. 622. 5619) . 
Isto half the length of the Crofs 5 ; Inches —~—_-—_0,707 576 
So is Radius --——— I0,0C00000 i 
To the diftance required, 12.16 Inches ———- 7.085009 
This gives the diftance from the Center of the Staff, to the Divifion, 
reprefenting 45° 30’ to be 12.16 (or 73%) Inches. | a ‘ 
But if you propofe to graduate a Staff, the more ready and expedi- 
diate way is, divide the half Length of the Crofs into 100 or 1000 equal 
parts 
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parts, and taking only the Tangent Compl. of half the Angle required, 


out of a Canon of Natural Tangents, gives the Diftance required. 


Example. Suppofe as before, the halt length of the Sixty Crofs to be 
5:4 Inches, and it is required to know the Diftance from the Center » 
to 45 deg. 30 min? - i 

The half length of the Crofs being divided into 109 equal parts, or 
into as many as conveniency admits of, (the reft fupputated by Eftimati« 
on) look in the ‘Tables of Natural Tangents, for the Tangent Comple= 
ment 22° 45’, (the half 45° 30') and you will find 2384725 then cut- 
ting off 2 Figures towards the Right hand the Remainder 2384 fhews 
the Number of equal Parts (whereof the half Crofs contains 1000) 
which muff be taken, to fet off the Diftance from the Center to 45°? 30%, 
that is twice the half length of the Crofs, and 384 Parts more. ; 

The like you may perform for any other Degree, to every tenth or 
fifth Minute, or lefs, according as the Staff will admit of the Divifions ; 


and as you fee in the Example of thisCrofs, fo the like may be perform’d 


for any Crofs of what Length foever. 


The Ufe of the Crofs-Staf. | 
Yo make a forward Obfervation of the Sun’s Meridian Altitude at Sea. 
When you intend to take the Meridian Altitude at Sea (in order tothe 


_ obtaining of the Places Latitude) it is convenient that you be preparing . 


your felt for your Obfervation fome competent time before Noon; and 


_ confider what the Sun’s greateft Altitude may be that Day, accordingly 


to ufe thofe Crofies that may be moft fit for your Purpofe. 
As fuppofe the Meridian Altitude for that Day be judgded to be 20° 
then ufe the thirty fide of the Staff, and the thirty Crots if you think 


it will be 30°, or more, then take the Sixty Crofs. 
; ) y 


There is another requifite fit to be underftood before you proceed to 
Obfervation, and that is, how to place your Fore-ftaff to your Eye, to 
prevent an Error mentioned by Mr. Wright in his Correction of Errors 5 
to avoid which, take thefe few Hints. | 
__Firft, Place the Center of the Staff at A, to the out-fide of the Corner 


_ of your Exye, as near your Eye as conveniently you can, without hindring 
_ your Sight, letting the end rett upon your Eye-bone, refpecting as it were 


the Bye’s Center, and caufe the vifual Rays to concur with the middle 
Parallels drawn on each fide of the Crofs-ftaff, and then is your Staff 
rightly placed for Obfervation: But becaufe this is fomewhat difficult 
plainly to be deferibed, and perhaps that which is already faid may not 
be fo obvious to the Reader as I could with it. I will therefore give an. 
saly Iluitration, which may be verify’d by Experience. | 
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Having firtt of all fatisfied your felf in the truth of the Divifions on 
the Staff, and likewife of the exact Length and Half-length of your 
-Croffes, then put on the Sixty Crofs, and place it to 30° on his pro- 
per Side, and alfo flip on your Ninety Crofs parallel with the former, 
and put that to 30° likewife on his peculiar Graduations; then bring 
the End of the Staff to the Corner of your Eye (as is directed) and 
remove it fo that you fee each End of the two Croffes at once) exactly 
to concur and agree with the vifual Lines proceeding from your Bye; 
that is the place of your Staff in time of Obfervation, and may ealily 
be found by frequent Trial. , , 
Having thus prepared for your Obfervation, and acquainted yourfelf 
with the holding of your Inftrument, being upon the Deck, turn your 
Face towards the Sun, and place your Staff to your Eye, holding the 
Crofs upright, look at the upper End of your Crofs at C tor the Sun, 
and at the lower at B for the Horizon: Butif the Sea obfcure the Ho- 
rizon from your Sight, then remove the Crofs a little further from 
your Eye: Ifon the contrary, your Sight do not extend fo low as the 
Horizon, but the Sky only appears inftead thercof, then move the Crofs 
a little nearer your Eye, until by the upper part thereot you fee the 
Center of the Sun, and by the lower the Horizon, exactly at the fame 
time; then look upon the proper Side of the Staff for the Crofs ( you ufe) 
the Sun’s prefent Altitude will be cut by the fame, and this if it were for 
one fingle Obfervation either for the Sun or any Star, were fufficient. 
But the Sun’s greateft Altitude being that you are to take, you mutt 
therefore wait (making Obfervation as your Judgment thall direct you) 
until the Sun be upon the Meridian, {till fliding the Crofs nearer your 
Eye as the Sun rifes, until you perceive it to be at the higheit ; for fo 
{oon as the Sun is to the Weftward of the Meridian, and falling,if you 
make your Oblervation again, you will find the Sea to obfcure the Ho- 
rizon from your Sight, and then in no cafe remove your Crofs, but let 
it remain fixed, and finifh your Obfervation for that Day. 


‘Then caft your Eye upon that Side of the Staff belonging to they | 
Crofs you ufe, the Degrees and Minutes cut thereby, and numbred — 


with larger Figures (decreafing always from the Center of the Staff) 
‘yes the Sun’s Meridional Altitude, and the {mall Figures underneath, 
the Complement of the Altitude, or the ‘Zenith Diftance. 
In obferving forward by the Crofs-ftalt, tis ufual to take a piece of 
Red Glafs to detend the Sight from the Luftre of the Sun in time o 
Obfervation, and it would, in my Opinion, be better to have the Glafs 
fitted in a piece of Brafs: and fo to be put upon the end of any of the 
Crofles, as occafion requires. Thus much for a forward Obfervation. | 
Atter the fame man y mutt obferve the Altit 
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To Make a backward Obfervation of the Sun's Altitude by the Crofs-Staff. 


Thefe Obfervations are frequent at Sea, efpecially with the Hol/au- 
ders ; and to perform this, you muft have a Horizon Vane, theinner _ 
fide of which fits upon the Center of your Stall, or elfe a fliding one, 
according to the Dutch Fafhion. - 

Likewife there is a Shoe of Brafs to fit on the End of any of the 
Crofies, whofe Ufe is the fame with the Horizon Vane in the Quadrant. 

- Having a Staff thus fitted, place the Horizon Vane upon the Center, 
or Eye-end of your Staff, and put on a Crofs fitteft for your purpofe: 
Fix the Brafs Shoe at the lower end thereof, then turn your Back to 
the Sun, and looking through the Sight (made by the Brafs Shoe) on 
the end of your Vane, elevate or deprefs the end of your Staff, until 
the Shadow made by the upper end ot the Crofs fall upon the upper 
art of the Sight in the Horizon Vane; then look thro’ that Sight for 
the Horizon: But if the Sea obf{cure the Horizon trom your Sight, 
then remove your Crofs a little nearer to the Horizon Vane; but if on 
the contrary, your Sight doth not extend fo low as the Horizon, but 
the Sky only appears inftead thereof, then remove the Crofs further 
trom the Horizon Vane, ‘till you fee the Shadow fall upon its due 
place, and perceive the Horizon exactly at the fame time, then have 
you the Sun’s prefent Altitude. | 

If you obferve for the Latitude, you mutt reiterate your Obfervation, 
as before; and when you perceive the Sun to be paft the Meridian, de- 
fift, and concluding your Obfervation, account your Degrees and Mi- 
nutes, either of the Altitude, or its Complement, as is before fhewn. 
~ To uf the Staff in a backward Obfervation, after the Dutch Fafhion, 
there muft be a Horizon Vane fitted to flide evenly upon the Staff, and 
then all the variety from the former manner of Obfervation will be this ¢ 

Place any of your Crofles that you intend to ufe upon the Center of 
the Staff turning the Nut inwards, then flide on your Horizon Vane 

with the Nut inwards, and fix.on the Brafs Shoe to the lower end of 
your Crofs ; then proceed with your Obfervation, removing the Ho-= 
rizon Vane, as before you did the Crofs, and the Degrees and Mi- 
nutes cut by the Edge of the Horizon Vane, upon the fide pecaltar 
to the Crofs you ufe, is the Sun’s Altitude, or the Complement there- 
of, as you reckon it in the greater or lefler Figures. 


Sect. Il. The Defcription and Ufe of the QUADRANT. 
HIS Quadrant is of a very commodious Form and Contrivance, 
_ being at prefent the beit approv’d, and moft general Inftrument 
that isin ule, obferving the a Meridian Altitude at Sea, ii 
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‘The Parts of this Inftrument are principally three Vanes, and two 

Arches, which Arches together contain 90 Degrees, and give it therefore 
the Denomination of a Quadrant. ; 
_- This Inftrument is faid to be firft contriv’d by Captain Davis, (who 
was employ’d in Queen Elizabeth's Time to difcover the North Weft 
Paffage) and theretore called Davis’s Quadrant, and by the French, 
the Englifo Quadrant. : 


‘The Figure of the Quadrant, and Mauner of Obfcrvation, 


on refpects the 
Horizon in this annexed Figure reprefented by A, 1s called the Ho- 

_vizon-Vane ; that which gives the Shadow, noted by B, is named the 
Shadow-Vane 5 and that through which you are to look for both Sha- 
dow and Horizon, diftinguifhed with C, is called the Sight-Vane, 

Of the Arches. The lefler noted with d e, is named the Sixty Arch, be= | 
caufe it ufually contained but 60°, but of late it commonly contains 65, 
(and the greater Arch 25) it is of a fmall Radius (advifedly fo contriv= 
ed) for the more apt placing of the Vane B thereon, that the Shadow: 
thereof falling upon the Horizon-Vane A, at this fhort Diftance, might 
become the ftronger,and the more perfpicuous to the ye of the Obferver, 

_ This Arch is commonly divided but to every Degree, and numbred — 
from the upper end of the Arch downwards to the Line of Partition, 
(which is a Line drawn on the middle of the upper Leg of the Qua-_ 
drant, between the two Arches) with 5, 10,15, &¢. And this 1s the 
Coinplement of the Altitude. Sometimes this Arch is figured with the 
Altitude from the Line of Partition upwards towards the higher end — 
ofthe Arch; with §, 10, 15, ¢.to 603 but this is not frequently ee ms 
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The greater Arch, here denoted by the Letters fg, is called the 
Thirty Arch 3 this Arch is of a large Radius, the better to be divided 
and fubdivided into Degrees and Miautes, the Limb whereof is a com- 
petent breadth ; and thereon are ufually deferibed feveral concentrick 
Circles, interfeéted with Diagonal Lines, for the more facile and exact 
dividing the Degrees into every 5th or every 24 Minute; and hereby 
the Subdivifions are confpicuous, and may readily be computed by the 
Obferver. 

But becaufe poffibly this manner of Divifion may not be underftood 
by every one that has occafion for this Inftrument, for their Sakes 
therefore I have annexed the following Figure. 


The Figure of part of the Arch, 


: ana rad aK 
\ent , 


- The foregoing Figure is part ofthe Limb of this Arch, as ’tis ufually 
drawn upon the Limb of the Quadrant, each Degree being fubdivided 
into § Minutes: Upor the Plane of this Arch are defcribed fix con- 
centrick Circles, and are noted with the Figures 1, 2, 3, 4, 5,6. And 
in the Limits of each Degree are drawn two Diagonals, interfecting 
-thefe Circles; and thofe Diagonals divide each Degree into two Parts, 
viz.into 30 Minutes, and the concentrick Circles fubdivide each of 
thefe Diagonals reprefenting 30 Minutes in fix other Parts, being 5 
Minutes a-piece: Therefore the 1/7 Interfection at 5, is 5 Minutes ; 
the 2d at 10, is 10 Minutes; the 34 at 15, is 15 Minutes; the 4rh at 
20, is 20 Minutes; the sth at 25, is 25 Minutes; the 62h at 30, is 
30 Minutes: The 1/f again at 35, is 35 Minutes 4 the 24 at 40, is 40 
Minutes; at 45, is 45 Minutes, at 50, is 50 Minutes; at 55, is 55 
Minutes; and at 60, 60 Minutes, or 1 Degree, And the like is to be 
underftood of the reft, always as they afcend, increaling 5 Minutes.” 
And take for a General Rule: Firft count how many concentrick 
Circles there are, which are 6 or 10, and are to be computed as is here 
_ fhewn, and noted by the Figures at the end of this Scheme ; then fee 
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142 The Ufe of the Quadrant. : 
how many Diagonal Lines are drawn within the Extent of each De-. 
gree, which are 2 or 3; then multiply the Number of concentrick Cir- 
cles by the Number of Diagonals in 1 deg. and by the Product divide 
60, (the min. in a degree) the Quotient will give you the Number of 
min. that each Interfection increaies by, and is more than the precedent. 
As fuppofe the concentrick Circles to be 10, the Diagonals in each De~ 
gree 33; then multiply 10 by 3, the Product is 30, by which if you di- 
vide 60, the Quotient is 2, which fhews that the Interfections increafe 
by 2 min. the firft reprefenting 2 min, and fo 4, 6, 8 min. &¢. to 58 
and 60 min, or 1°, and then 1° 2’, 1° 4’, 1° 6’, Ge, and the like is to be 


_underftood of the rett. . 
The Ufe of the Quadrant. 


This Inftrument is commonly ufed to obferve the Sun’s Meridian 
Altitude, which to perform we will briefly defcribe. 

Firf, Put the Horizon-Vane on the end of the Quadrant on A, and 
then the Sight-Vane upon the Thirty Arch in the precedent Figure 5 
and /a/ily, the upper edge of the Shadow-Vane upon the Sixty Arch, | 
to a certain Number of Degrees moft proper for your prefent Obfer- 
vation; which readily to perform, take this Caution. 

Confider what will be the Complement of the Meridian Altitude that | 
Day, then place the Shadow-Vane fo, that the Degrees cut by the up- 
per edge of the Vane, be always lefs by ro or 15°, than you judge the | 
Complement of the Sun’s Meridian Altitude will be that Day in the 

lace of Obfervation, 

_ For Inflance + Suppofe that the greateft Altitude of the Sun for the | 
time in the place of Obfervation, be eftimated to be 45°, the Comple=- 
ment is 45°; then place the Shadow-Vane at 30 or 35 deg. which are 
proper for our prefent Obfervation. 

Having thus prepared your Inftrument, and being ready upon the, 
Deck, turn your Back towards the Sun, and holding the Quadrant as © 
upright as you can, place the Sight-Vane to your Eye, and looking 
thro’ the Sight, bring the Shadow of the upper edge of the Shade= 
Vane to fall upon the upper Part of the Slit, or open Sight in the | 
Horizon-Vane, and at the fame time look thro’ the faid Slit forthe | 
Horizon; and if the Sea obfcure the Horizon from your Sight, then | 
 flide the Sight-Vane a little lower down towards f; but if on the con= 
trary, your Sight doth not extend fo low as the Horizon ; but if the Sky 
only prefents itfelf to your Eye, then remove your Sight-Vane a little 
higher towards g; then make Obfervation again, continuing to move 

your Sight-Vane higher or lower according to thefe Directions, until 

looking thro’ the Sight-Vane, the Shadow fall upon his due place, and 
that at the fame time you exactly fee the Horizon thro’ the Sight bi 4 
} ; if t 2) ee 
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the Horizon-Vane, then have you the Sun’s prefent Altitude. But it 
being the Meridian, or greateft Altitude, that you are to obferve, you 


~ mutt therefore continue to make.Obfervation as often as you fhall think 


fit, (but efpecially you are to tend your Obfervation when you perceive 
the Sun almoft upon the Meridian) unti! the Sun be to the Weiftward 
of the Meridian, and is leflening his Altitude; for then, if you make 
Obiervatien, the Sky wiil be ieen, and not the Horizon; and in this 
cafe you muft not alter your Sight Vane, but letting it itand, conclude 
your Obfervation tor that Day: Then caft your Eye upon the Thirty 
Arch, and fee how many Degrees and Minures are cut by the Infide 
of the Sight-Vane, and thereto add the Deg. at the upper edge of your 
Shadow-Vane, the Sum is the Complement of the Altitude, or the 
Sun’s Diftance irom the Zenith. 

Note, ‘Vhe fmall Arch in fome Quadrants contains 70 deg. and the 


greater 20 d. whofe Sum is 90. Thefe Arches are numbred and divided 


like the former; and it that be well underftood, this will not feem too 
obicure, and therefore it is needlefs to fiy any more of this Alteration, 

And bere note: That there is a late Contrivance with a {mall Con- 
yex-Glais to be let into the Shadow-Vane, which may be uled when 
the Sun is hafey, and will not ftrike a clear Shadow upon the Horizon- 
Vane: then this Giafs will contract the Beams of the Sun, and reflect 
a {mall Speck of Light upon a fimall black Line drawn on the Horizon= _ 


“Vane, which refpects the Center of the Sun. And turther NV ze, That 


in thofe Obfervations made by the upper edge ot the Shadow- Vane, it is 
proper to fubtract 16 min. or fumewhat lefs, from the Sun’s Alticude, 
or add it to the Zenith Diftance (for the Semidiameter of the Sun 5) 
but in ufing the Glafs, you are not make any fuch Allowance, becaule 
the Speck reprefents the Center of the Sun. 


 Se&t, II. Rules for finding the Latitude of the Place by Obfervation of 


the Suw’s Meridian Altitude, or’ Zenith Diftance, by help of the Iabie 
of the Sun’s Dechination, 3 
FEcaufe it is common to work the Obfervation of the Sun, taken by 
the Quadrant and other Inftruments now in ufe, by the Comple=- 
ment of the Meridian Altitude, or the Sun’s Diftance from the ‘Zenith, 
I fhall therefore give Rules, illuftrated with Examples, for that purpote. 
Rule 1. If the Sun comes to the Meridian in the South, and have 
South Declination, fubtract the Declination from the Complement of 
the Meridian Altitude, the Remainder is the Latitude of the Place of 
Obfervation Northerly: But if the Declination exceed the Zenith 


Diftance, then fubtract the ‘Zenith Diftance trom the Declination, the 


Remainder is the Latitude Southerly. 
7 * 
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Example 1. Admit you are at Sea, and the Sun being upon the Me=- 
ridian in the South, is 37d. 30min diftant from the ‘Zenith, and at the 
fame time hath 12 deg. comin, South Declination ; 1 demand the La- 
titude of the Place. | 

The Operation. 

Complement of the Meridian Altitude —— 37° 30’ 

The Sun’s Declination South, fubtract ———~~—— 12 30 


The Latitude of the Place —--——-——--_-— 25, 00 North 
Example 2. Admit (being at Sea) the Sun being on the South part of 
the Meridian is 10 deg. diftant from the Zenith, and the Declination 20 
deg. 30 min. South: I demand the Latitude of the Place. a 
The Operation. 


The Sun’s Declination 20°73! 
The Diftance from the Zenith, fubtract 10 "00 
The Latitude —-—— -—--160 30 South’ 

Rule2.1f the Sun be upon the Meridian in the South, and hath North 
Declination, then add the Declination to the Zenith Diftance, the Sum 
is the Latttude Northerly. | 

Example. Admit a Ship at Sea, and the Sun on the South part of the 
Meridian is 30deg. 30 min. from the Zenith, and the Declination is 
15 deg. 30 min. North; I demand the Latitude ? 

The Operation, 
The Complement of the Altitude or Zenith Diftance is—30° 30' 
"The Declination added w——-———— 15 30 - 
The Latitude 46 Oo N. 

Rule 3. If the Sun be on the Meridian in the North, and have North 
Declination, then fubtra&t the Zenith Diftance from the Declination, 
the Remainder is the Latitude Northerly: But if the Zenith Diitance 
exceeds the Declination, then fubtract the Declination therefrom, the 
Remainder is the Latitude Southerly. 

Example t. Suppofe the Declination were 20 deg. North, and the 
‘Lenith Diftance 12 deg. 30 min. the Sun being upon the Meridian in 
the North; 1 demand the Latitude? . 

The Operation. 
The Sun’s Declination North —--—_—-—— 20° 00! 
The Zenith Diftaace fubtractted —— —— 12 30, 
The Latitude of the Place ae one OF... 30 North, 
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Example. 2. Suppofe the Sun’s Declination to be as before, 20 deg. 
North, and that being upon the Meridian-to the Northwards, his ‘Le=_ 


nith Diftance is 49 deg, 15 min. I demand the Latitude ? 
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— . Rules for working of Obfervations. 14 
The Operation. Pane ge 
The Zenith diftance of the Sun is ——_—- ——4o 15 
TheDeclination North, fubtract - 
The Latitude —~—_—--——— — ee 20 15 South. 

Rule, 4. Ifthe Sun be upon the Meridian in the North, and hath 
South Declination, then add the Declination to the ‘Zenith diftance, the 
| Sum is the Latitude Southerly. 
__ Example. Admit the Sun’s Declination were 16° 45’ South, and the 
Zenith Diftance 292 45’, I demand the Latitude. 
: The Operation, Se ha 
The Declination of the Sun South 
The Zenith-diftance add ———— ——1 —_ -—--— 99 45 
fae hen eatitude: ——___. >. Abilene w-—— 46 30 South 
Kale 5. If the Sun have no Declination then the Complement of the 
jAltitude is the Latitude of the Place; and ifthe Sun be on the Meridan 
inthe South, your Latitude is Northerly ; if in the North, Southerly, 
This needs no Example. 
Rule 6, [tthe Sun bein theZenith, 4. ¢, 90° above the Horizon, 
thenthe Declination either Northerly or Southerly, is the Laticude of 
the Place, ‘This likewife needs no Illuftration. 
Rue 7. 1f you be withinthe Artick or Antartick Circles, and obferve 
the Sun upon.the Meridian under the Pole, then add the Sun’s Declina- 
tion to the Complement of the Altitude, and fubtraé the Sum from 
180°, the Remainder is the Elevation of the Pole. . 
Note, If your Inftrument wherewith you obferve give only the Meri-- 
dian Altitude, then fubtract that Altitude from 90°, the Refidue is the 
Zenith diftance or Co-Altitude of the Sun; and the Operation is the 
ame as the precedent Examples. 

: For the Stars, 
What here hath been delivered in thefe Rules, concerning the Sun’s 
»eing upon the Meridian, the fame isto be underftood otf any Star whofe 
Jeclination is known, 
Admit you fhould obferve the bright Star 4rGurus, whofe Declina- 
ion is 20 deg. 58 min, North, when he is upon the Meridian in the 
south, and find his Altitude to be 65 deg. 25 min. the Complement 
hereof 24° 35’ isthe Zenith-diftance; then adding 20° 58’ to 24° 35’, 
whe Sum 45° 33’ is the Latitude Northerly, according to the tecond 
‘Aule foregoing. 
But if you obferve by any of the Stars near the North Pole, whofe 
Volar-diftance is fet downin the Tables of Declination ; and if they be 
ynthe Meridian under the Pole, add the Complement ot the Declination, 
jr Polar-diftance, to the Meridian Altitude found, the Sum is the Lati- 
jade Northerly. freee But 
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But} Secondly, If you obferve any Star that is upon the Meridian if 
the North above the Pole, then from the Meridian Altitude of that Sta 
fubtract the Complement of the Declination, or’ Polar-diftance, the Re! 
mainder is the Latitude Northerly; but if the Complement of the Star ! 
Declination cannot be fubtraéted from his Meridian Altitude, fubtra¢) 
the Meridian Altitude therefrom, the yemainder is the Latitude South} 
erly. ‘The fame may_be underftood of Stat’s near the South Pole. | 

Here ‘I thought it neceflary to mention fomething ot the Crofers, 
which are certain Stars that are of good ufe in the Southern Navigatioa [ 
they are fo called, becaufe they do fomewhat refemble the Forni of { 
Crofs according to the annexed Figure. eee | | 

The Figure of the Conftellation called the Crofiers. 
The Head Declination from the South, 


is Pole 34° 4.5” 
* * 


| 4G : 
The Cock’s Foot, Declination from South Pole 28° 45’: | 
The Star at C called the Cock’s Foot, or rather the Crofs- Foot, whofi 


Declination according to the Obfervation of Mr. Edmund Halley, a, 
St, Hellena, is 61° 15° Southerly 5 and fothe Complement of the Deel. 
‘nation or Polar-diftance, is 28 deg. 45 min. By this Polar-diftance, anc 
the Meridian Altitude of this Star, when he is cither above or below th, 
Pole, you may find the Latitude ofthe Place, by the Rules of the Star, 
‘Jaft mentioned. ‘The Polar diftance of the Head of the Crofs is 34 deg, 


45 min. : | | 
To know when thefe Stars are fit for Obfervation, hold up a Threac 
bread cuts the Star at A, and that at C 


and Plummet; and when the T 
both at the fame time, then they are upon the Meridian, and fit to bi 


obferved. 
Seat: V. The Defeription and Ufe of the Nogurnal. 
¢E7 LIS Inftrument confitts of three Parts, | 
_ Firft, The broadeft and greateft, which we may call the unmove 

able Part, which hath a handle to hold-it by, in time of Obfervation, 

Secondly, The firft moveable, or middle ‘part. ig 

Thirdly, The long Index, that is to turn to the Pofition of thofe Star: 
for which they are made, wz the Guards of the Liti/e or Great Bear. 

The forefide of the firft, or unmoveable part, hath the Limb or out 
ward Circle divided into 12 Months, and each Month fubdivided int 
its ref{pective Days, and are counted towards the Left-hand, and marke 


“with their Names, or the firft Letter thereof, as F for Refs , F tq 
By ; le rua 


ae Ciara re 
ne 
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ebruary; M for March, &c. And upon: fome of them, there are twa 
ther Circles, the outermoft of which, is divided into 24.equal Parts:or. ~; 
fours; and the other into.29, Parts and a-half, or Days of the. Moan’s. 
,ge3 by which the Moon’s Southing may. be known by Infoection, and: 
aereby a Computation of the Tides. 

Ofthefe Nofurnals there are two forts, one for the Guard-of the 
ttle, the other for the Guards of the Great-Bear, or. Charles’s Wain, 
lommonly called the Two Pointers, Now to know for: which of thefe 
fonftellations any No&urnal is made, you may obferve thatthe No- 
Lurnals that are tor the Guards of the Great-Bear, have the 17th of 
ebruary on the Top, and ifit be forthe Guard ofthe Little-Bear , then 
ou will find the 21ft of pri/there, the backfide of this part is di. 
ided into 32 Points of the Compafs, which are to fhew the Bearino 
f the Guards, thereby to know what Declination the North Star hath 
pon any Point of the Compafs, 

The fecond and moveable Part, hath a Tooth proceeding from it 
ith the edge . continued in a Right Line from the Center; which is Pa 
e turned to the Day of the Month at Pleafure; and on the Superfices 
hereof is a Circle, divided into 24 equal Parts or Hours; which when 
e faid Tooth is fet to the Day of the Month, and the Index turn’d to 
he Pofition of the Guards, the ftrait fide of the Index, will thew the 
Jour of the Night upon the faid Circle, : | 

| The third and upper moveable Part, is called the Index, having one 
de thereof proceeding from the Center, which is to be turned to the 
suards in time of Obfervation ; and through which you are to fee the 
\North Star, and at the fame time the Index is to be turn’d to the Guards, © 


he Figure of the Stars, as they fhew themfelves in the Heavens, for which 
the Nournals are. made. 
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But if you will be better fatisfied in the Forms of the Stars in each 
Conftellation, I refer you to the new Hemifpheres and Planifpheres of 
the Heaven, that are very ufeful, for knowing of the Stars ; fold by 
Mr. Mount and Page, on Great Tower-Hill, tf 


The Figure of the Noéturnal, — 
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Above the Pole. The North Star under the Pole. Ab. thePole. 
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Above the Pole The North Star is under the Pole. | Above the Pole, 
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“The Ufe of the Noéturnal. 


The manver of holding the Nocturnal in Time of Obfervation. 
Take the Handle in. your Hand withthe forefide towards you, holding 
of it upright in-your-Flaad, (whieh you-may difcern-by the Tip-that.— 
is on the very top of the NoGurnal) then looking through the Holeinthe — | 
Center to the Nerth Star, you muit turn the upper Edge ot the Index | 
(which cometh from the Center) to the Guards; this being underftood, ~ 
you may now pioceed to feveral Ufes_ thereof. “y 
- Yo find the Hour of the Night by the North Star, avd the Guards either of the 

Little or Great Bear, and upon what Poiut of the Compals they are. 

‘To perform this, you mutt firtt fet the Index of the fecond moveable — 
yart to the Day of the Month, (then if it wiil not flay of it felf, you — 
muft ftay it with your Thumb) holding it as you were before directed 5 
and the North Star through the Hole, and turn the Index to the 
Guards, and thenupen the fecond moveable Part, the Edge of the Index _ 
fhall cut the Elour of the, Night; at the fame time you will find on the 
backfide what Point of the Compats theGuards are upon, fo that you 
may know alfo what Dittance the North Star hath at that time either | 
above or under the Pole. . 

In Noéturnals made for both Bears, the Ule is the fame, only thefe 
have on the fecond moveable Part two Indexes, one marked G for 
Great Bear, the other maik’d L tor Little Pear 5 and likewile on the 
backfide there is two Circles diftinguifhed by the fame Marks, but theirias 
Ule is the fame as before taught; only if you obferve forthe Hour of the 
Night by the Guards of the Little Bear, ufe the Index maik’d L, or if 
you feek the height of the Pole Star,look in the Circle (on the backfide) 

marked L: Butif you obferve by the Pointers of the Great Bear the “ 
Index and Circle mark’d G, &e. — | | 
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To find the Time of the Moon’s coming to the South, any Day of her Age, 
and alfo the Time of High Water that Day. 
Firft, Find the Moon’s Age on the moveable Part, and right againft 
*t in the Circle ct Hours, you will find the Time of the Moon’s Southing. 
‘Suppofe the Moon were eight Days old, I demand the ‘Time ot her 
coming to the South, ; a 
‘Therefore lock for 8.on the Circle of her Age, and right againft it~ 
ou will find inthe Hour Circle, almoit-hdlfan Hour patt 6 of the Clock 
in the Evening (becaufe that always between the Change and the Fall 
{he cometh to the South in the Evening, but.after the Full the cometh to, 
the South fn the Morning:) So having tound the Moon's Southing, if — 
you add thereto the Hour of the flowing-at any Place, it will thew you” 
‘the Time of High-water that Day. 


f ~ 


y the Nocturnal that the Moon cometh to the South at almoft- half an 


; ‘Hour pait 6.0f the Clock 3 to which Tadd three Hours, the time of 
» High-water at the Fall and Change, which makes Nine of the Clock, 
- and almoft half an Hoar paft, the time of High-water at Lowdon-Bridge, 


that Day ofthe Moon’s Age. , 
And if thofe Numbers being added together fhould exceed 12, that 


yo muoft be fubtraéted trom it, and that will bethe Time of Full Sea. 


As fuppofe the Moon fhould be 13 Days old, at which‘Time ! find by 


the Nocturnal that the Moon cometh to the South at 10 of the Clock, 


ard almoft bali an Hour, unto which if you gdd 3 it makes 13 Hours 
and a half, from which if youtake 12, there remains 1 of the Clock, 
and almoft halt an Hour, the Time of High-water at London-Bridge, 
according to the common Way of Computation. 

And to krow the ‘Time of Full Seaat any other Place, I refer you 
to the “Lide Tables. 


CHAP. XI. Containing the Ufe of the Plain Scale, Gunter’s ‘Scale, 
Plain Chart, Mercator’s Chart, aud of both Globes, 


The Defcription and Ufe of the Plain Scale. 


HE Ufle ot this Inftrument is facile and delightful, and ferves the 


@ Conftruction of Problems in Navigation and Aftronomy. 
The Lines on a Piain Scale, are ufually a Line of equal Parts, Chords, 


Rhombs, and Longitude; but on this here defcribed, are likewife a 


Line of Sine, Tangents, and Secants, : 
We fhall here infert the Projection of thefe Lines on the Scale. 


The Line of Rhombs. 
QD 


to The Ufe of the Plain-Scale. | ists 
A Example. Suppofe here at London, the Moon being 8 Days old, I find 
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The Prietion of the Line of Rhombs. : 
For the dividing of the Line of Rhombs, firlt draw the Line AT 
and upon the point C deicribe the Semi-circle A D B, and divide ¢ 
Quadrant A D into 8 equal Parts; which being done, fet one Foot of 
your Compaffes in the Point A, and with the other Foot extend to each 
Of thofe Divifions, and trausfer thofe Extenis unto the Line ACB, which} 
will divide the faid Line into 8 unequal Parts, which will be a Line of | 
Rhombs, and to number with 1, 2, 3, 4, &, unto 3: And fo the | 
Halves and Quarter-Points of the Compats are to be inierted. 

. The Line of Longitude. 


[is A 
The Projection of the Line of Longitude 
Firft, drawthe Quadrant CA B, and divide the fide CA, into 60 equal | 
Parts, then through each of thofe equal parts draw Lines parallel to 
“to the fide AB, until they touch the Quadrant C B; which being | 
done, fet one Foot of your Compaffes in the Point C, and extend the o- | 
ther Foot unto each refpective point of Interfeétion in the Quadrant BC, | 
and then transfer them to the Line CD, which Is to be the Diftance be= 
tween C and B, orthe Chord of go degrees 3 fo thal! thofe Interfections | 
* divide the Line CD into 60 unequal parts, which is called the Line of 


Longitude. 


‘The Projection of the Line of Sines. | 

The Projection of the Line of Sines is. thus to be performed; Firft | 
draw the Line ACB, and uponC draw the Semi-circle, and one of the : 
Quadrants divide into 90 degrees, as the Quadrant A DC; then draw | 
a Line through each tenth degree of the Quadrant paralell to the Line | 
AGB, it will divide the Line DC into 90 unequal parts, which will be 
a Line of Sines to be numbred from C towards D, with 10, 20, 30, 

Ti 
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The Line of Verfed Sines, ; 

The Projection of the Line of Verfed Sines, is thus to be effected : 
I irft, draw the Line ACB, and upon C defcribe the Semi-circle ADB, 
which divide into 180 degrees ; then through each degree drawing right 
Lines parallel tothe line DC, they will divide the line ABinto 180 un- 
equal Parts, which will be a line of Verfed Sines, to be numbred with 

10, 20, 30, 40, &%¢. unto 180. 3 
| _ Lhe Line of Chords. 

For the Projectionand Divifion of the Line of Chords you mutt firft 
draw the Diameter ACB in the following Scheme, and upon the Center 
GC, deferibe the Semi-circle ADB; which Semi-circle divide into two 
Quadrants by the Point D, then divide the Quadrant DA into 90 equal 
parts or degrees; this being done, fet one Foot of your Compafles in 
the point A, let the other be extended to each degree of the Quadrant 
AD, which Extents transfer unto the line ACB, as you may fee the 
) Arches lead in the following Figure. This Line fo divided into go un= ie 
| equal Divifions, is called a Line of Chords, Afterthismanner you make ~~ 
jit of what Radius you pleafe, aadnumber it with 10, 20, 30, &e. - : 
| ‘ The Line of Langents. 
_ Pirft, draw the Quadrant as in the following Scheme, and divide it 
jinto Oodegrees, and from the Point Berecta Perpendicular Line, asthe 

innermoft Line TB; then from the Center C draw Lines through each 
degree of the Quadrant CDB, until they touch the line TB, and thofe 
Interfections will divide the line TB, into a Tangent, to be numbred 
with 10,.20, 30, €8e, nee ~ 


The Line of Secants. . 


| 


.: Having drawn thofe lines in the following Scheme, through each re ie % - 
fpeétive degree of the Quadrant, from the Center C, until they touch | “lag 
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the Line TB, extend your Satan from the Center Cto the extrem 
ot each ase | line, and the Foot of the Compaffes ftill remaining 
the point C, transfer the {aid lines unto the line CDS, fo thall they 
hich is a Line of Secants, an 


vide the faid line into unequal Parts, w 
number them with 10, 20, 30, &. 
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Plain Sailing by the Plain-Scale. 


Problems of Plain Sailing by the Plain Scale. 


ee 


B. 1. 4 Ship fails NE. by E. 108 Leagues; I demand the Difft- 
rence of Latitude aud Departure. 
In the following Problent of Plain Sailing. 
AC reprefents the Diftance failed. 
AB the Difference of Latitude. 
BC the Departure. 
BAC the Courfe. 
ACB the Complement of the Courfe. 
Plate 5. Fig. 13. 
Draw the occult line AB, take off 60 from the line of Chords, and 
{weep the prick’d Arch de. Set off the Courfe five Points, taken from 
the line of Rhombs, from d toe; thendraw the line Ae C, and fet off 
108 Leagues by the line of equal Parts, from A to C; {et fall the Per- 
pendicular BC, and fo finifh the Triangle ABG, in which you will find 


- the Difference of Latitude AB 60 Leagues; the Departure BC 90 Leagues, 
| PROB. II. A Ship fails NE. by E, until ber Difference of Latitude be 


60 Leagues; I demand the Diftance and Departure. 
‘Plate 5. Fig. 13. 
Draw AB of the given Length 60, and raife the occult Perpendicular 


BC, fet off the Courfe five Points, as in the former Problem, Draw 


AC until ic meet with BC, and finifh the Triangle ; the Diftance is 108 


_ Leagues, and the Departure 90 Leagues. ei 
PROB. III. 4 Ship /ails SW. by W. until ber Departure be 90 Leagues; 


I demand the Difiance and Difference of Latitude? ‘Plate 5. Fig. 14. 
Draw the occult line AB, and raife the Perpendicular BC of the 
given Length go Leagues; then upon the point C {weep the Arch d e 
with the Chord of 60°, and place the Complement of the Courie three 
points irom d toe; then draw Ce A until it meet with AB, and finifh 


the Triangle. The Diftance is 108 Leagues, the Difference of Latitude. 


60 Leagues. 

PROB. IV, 4 Ship fails between the North and Eajt 108 Leagues unq- 
til the Difference of Latitude be 60 Leagues, I demand the Cour/é and De- 
parture? Plate 5. Big. 1 $3 
Draw AB 60 Leagues, and raife the occult Perpendicular BC, take 

off the Length of AC the Diftance 108 Leagues, and placing one point 

of your Compafles at A ,deferibe oo occult Arch cutting the line BC 
y eee . : at 


156 Plain Sailing by the Plain-Scale. 
at the Point C, by which draw AC, and finifh the Triangle; the 
parture BC is 90 Leagues, with a Chord of 60° fweep the Arch d e, 
which meafured upon the Line of Rhombs, will be found five Points 
the Courfe fought. , s 4 
PROB. V. 4 Ship fails between the N. and the E, 108 Leagues, until | 

ber Departure be 90 Leagues; I demand the Courfe and Difference of 

Latitude ¢ | Plate 5. Fig 15, | 

Draw the occult Line AB, and raife the Perpendicular BU of the | 
given Length 90 Leagues; take AC 108 Leagues, and fetting one Point | 
of the Compailes at CG, defcribe the occult Arch, cutting the line AB | 
at A, by which draw AC, and finifh the Triangle. The Courfe is found 
five Points, meafured as in the former Problem, the Difference of Lati- | 


tude 60 Leagues. 


PROB. VI. A Ship fails between the N. aad_E. until the Difference of 
Latitude be 60 Leagues, and the Departure 90 Leagues; I demand the \ 
Courfe and Difiance ¢ | Plate 5. Fig.15, 
Draw AB 60 Leagues, raife the Perpendicular BC 90 Leagues, and 
by the Points A and C draw AC, and finifh the Triangle. “The Courfe 
is found 5 Points, as inthe 4th Problem, the Diftance 108 Leagues. | 


Traverfe by the Plain-Seale. 

PROB.VIL 4 Ship fails SSW. 40 Miles, then SW. 60 Miles, then 
5. by E. 63 Miles, then WSW. 49 Miles, then SE, by S. 56 Miles; I 
demand the Courfe, Diftance, Difference of Latitude, and Departure 
made good £ Plate t.: Fig. me 

_ Firft draw the Line AB at pleafure, (and as youare taught in Prob. Fam | 

ofthis Chapter) fet off SSW. 40 Miles from A to D, and for the reft of — 

the Courfes obferve this general Rule. 


Find how many Points it is between the Courfe you are next to lay 
down, and the Point oppofite to the Courfe laft laid down, for that is the , 
Points for laying down; thus the Courfe laft failed when the Ship is at | 
D, is SSW. its oppofite Point is NNE. The next Courfe is SW. the 
Points between NNE. and SW. is 14 Points, or 157° 30’, there= 
- fore with the Chord of 60° and one Foot in D defcribe the Arch AK, 
upon which fet off 14 points from A to K, and draw the Line DKE, |; 
which will bea South by Weft Line, and upon that fet off the fecond _ 
Diftance 60 Miles from Dto E, the point the Ship is in at the end of — 
the fecond Courfe. ' 4 

But when the Courfe laft laid down and the Courfe next to be laid — 


down, makes fo great an Angle with each other, as here AD and DE. 
# makes 


ss Traverfe by the Plain-Scale. | G7 
san Angle of 14 Pointsat D; you may continue the line AD 
rely to R, and with the Chord of 60° draw the Arch RK; and 
‘becaufe ADR isa SSW. Line, and your next Courfe is to be SW. 
off two Points from R to K, and through K draw the Line DE, 
and fet the 24 Diftance 60 Miles from D to E, and fo by one or other 
| of thefe Methods, always chufing to fet it off that way that requires the 
leaft extent of the Compafles, (tor then you are fubjeé& to lefs Errors) 
which being done you will find that from A the firft Courfe SSW. 
40 Miles, brings her ‘to D, and from thence SW. 60 Milesto E; and 
after failing S. by E. 63 Miles fhe arrives at F*, and then WSW. 49 
Miles, brings herto G, and SE, by S. 56 Miles to C, where the Courfe, 
Diftance, Difference of Latitude, and Departure made good is re- 
| quired: For finding of which, lect fall the Perpendicular CB upon the | 
Line AB, and draw AC, and with the Chord of 60°, and one foot in A 
deferibe the Arch PO from the line AC to the line AB, then PO mea- 
fared on the Chords, fhew the Courfe South 16° 12’ Wefterly ; or S.. 
by W. almoft half W. The Diftance AC 211 Miles, the Difference of 
Latitude AB 203, and the Departure BC 59 Miles, and this is fuffi- 
- cient for all Varieties of Traverfes in P/ain-Sailing,; which ferves only 
in fhort Diftances, or near the Equino@tial, and therefore thall torbear 
-to enlarge here, and the rather becaufe in a few Pages turther we fhall 
| fhew the Ufe of the Plain-Scale in Mercator’s Sailing, and how to lay 
down a Traverfe both in the Latitude and Longitude, to which I refer 
you for more intire Satisfaction. 


Oblique Sailing by the Plain Scale, 


PROB. VIII. There are two Ports that bears SW. by §. and NE by © 
NN. difiance 40 Leagues; A Ship fails fromthe Northermoft of them, firft 
South, and then Weft by South, fometimes upon one of thefe Courses, fome- 
times upon the other, until foe arrive at the Southermoft Port, I demand 
how many Leagnes fle hath failed upon one Courfe, and how many upon 
the other ? | Plate 5. Fig. 16. 


| Let A reprefent the Northermoft Port, and E the Southermoft, AE” 
| their diftance, AD the diftance failed upon the South Courfe, DE the 

} diftance upon the W. by S. Courfe. 

} _ Draw the line AE 4o Leagues, being a NE. by N. and SW. by S, line, 
} defcribe the Arch / g, fetting off three Points, and draw the occult line 
} AD, being a South line; then fweet the Arch 4/, and fet off four Pcints,- 
} drawing the occult line DE, until it meet. with AD, and fo finifh the 
} Triangle ADE. The Diftance failed South is 29 Leagues, and W. by 
} S. is 22 Leagues and a half, PROB, 
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Oe Oblique Sailing by the Plain Scale. | 
BROB. TX. There are two Wands that bear Eaft and Weft, and avé di= | 
fant 40 Leagues, 4 Ship fails from the Wepermoft NE. by E. an e? 
failing 22 Leagues and a half farther, arrives at the Eafiernift P 
I demand the Diflance failed upon the firl Courfe, and what was 
Second Courfe £ | Plate 5. Fig, 16, | 


Let A reprefent the Weftermoft Port, E the Faftermoft, D the Place |, 
where the Ship altered her Courfe, making the beft of her Way; AD 
the NE. by E. Courfe; DE. the other Courfe unknown; draw AE 
40. Leagues, fet off an Angle of three Points, and draw AD, the NE. } 
by E, Line occultly, take the Diftance 22 Leagues and a halt, and plas 
cing one point of your Compaffes in the point E, crofs the line AD | 
in the point D, draw D , and finifh the Triangle. “he Diftance upon |, 
the firit Courfe is 29 Leagues, the Angle at Fis four points, therefore } 


the fecond Courfe is SH. 


PROB X. Lwo Ships (ail from the fame Ifland, the firft fails NW. by N. 
22 Leagues anda hulf, the fecond W. by N. 40 Leagues, and arrive at 
their feveral Ports; I demand the Bearing and Difiance of thofe ‘Ports? | 

: ! Plate 5, Fig. 10me } 

E reprefents the Ifland, D the Northermoft Port, A the Weftermoft, | 
Draw AE 4o Leagues, and fet off the Angle at E four Points, and > 
draw DE 22 Leagues and a half; then by the points D and A draw ADS 
and finith the Triangle, ‘The Angle at A is three points, which thews 
the Bearing of the Ports to be ENE, and WSW. and the Diftance ADal- : 

moft29 Leagues. 4 

PROB. XI. 4 Ship fails from a certain Port WNW. 22 Leagues, anda 
half, andthen more foutherly 19 Leagues, aud then {be is forced back a= | 
gain tothe Port from whence foe came 40 Leagues, demand her Courfe | 
jrom the fecond Place to the third, and bow fhe fteer'a ete ace ; | 

| Plate 5. big. 10. i 
i reprefents the firft Port, D the Place where the Ship hed her 

Courfe, A the Place where fhe was driven back. ae | 

~ Draw the line DE 22 Leagues and a half, take the Diftance AD 29 | 

Leagues, placing your Compafies in the point D, defcribe the occult | 

Arch at A, and take the Diftance AE 40 Leagues; defcribe another . 

occult Arch fom EF, croffing the former in the point A; draw AL and | 

AD, and finith the Triangle. The Arch mnis9 points, therefore the | 

Courfe from the 2d Place to the 34, is SW. by S. and the fteer’d back | 

again to the firtt Porte ENE. oe 

Here follow fome Problems in Mercator’s Sailing, wrought two ways. 
Firft, by the Plain Scale only, by taking car middle Latitude; which | 
is 


hi 


and the jame Diftance from G to A, and from the Points H and A e- 


~ Mercator’s Sailing. 

snot exactly true, but may ferve asan Approximation in a fingle Courfe, 
ovided the Diftance be but fmal, otherwife it is too grofs, 

: © 2d Way is by the meridional Parts, which will be exact accord- 
x to the Capacity of the Inftrument. 


=) 


The Ufe of the Plain Scale in Mercator’s Sailing by middle Latitude, 


PROB. I. 4 Ship being in the Latitude of 40°, fails a N. Wefterly Courfe, 


until foe come into the Latituae 4 5° 30°, the Difference of Longitude 9o 
Leagues ; I demand the Courje, Diftance and Departure? 

‘! Plate 4. Fig. 10. 
For the Solution thereof by the Plain Scave, firft draw the line ACB, 


-and upon the Center C defcribe the Semi-circle ADB, and crofs the 


‘ine ACB at Right-angles with the line ECD; then find the middle 
Latitude, by taking the halfSum of both Latitudes added together ; 
which you will find to be 42° 45’, which middie Latitude fet off trom 
D to M and L both ways, and draw the line ML: then fet the 
Dittance DF from 5 to G, then fet off the Difference of Latitude 110 
Leagues from B to H, and from G to A, and upon the point Arereét 
a Perpendicular as AK, and trom A fet off the Difference of Longi- 
tude in Leagues which is 90, to K; and trom the point K, draw the line 
KG, then trom the point H erect an occult Perpendicular, as the line 


HI; then laying a Ruler upon the potnt B to the point EK (where the 


line BK doth cut the liné EC) and draw the line BI, then upon the 


| point B defcribe the occult Arch Cn, which being meafured on the 
line of Chords wiil be tound to be 31° or two Points three Quarters, 
which is the Courfe required, NNW. three quarters Wefterly; and the 
‘Jine Bl is the Diftance required, which being meafured upon the line of 
| Leagues, will be found to be 129 Leagues, and the Departure HI 66 


Leagues, 


PROB. II. 4 Ship being in the Latitude 40° North, fails NNW. three 


quarters (or 7°) Wefierly, until {ke come into the Latitude of 45° 30’; T 
demand the Diftance run, the Lifference of Longitude and Departure? 

’ , ‘Plate 4 Fig. 10. 

In the Solution of this Problem by the Plain Scale, draw the line AB, 

at any convenient Length, and upon C deticribe the Semi-circle ADB, 

and find the middle Latitude as before, and tet it off trom D to M and 

LL, and draw the line ML, and upon the point B defcribe the obfcure 

Arch Cn, and fet off the Courfe given, (which is two Poinrs three 

quarters, or 31° and a quarter) from C to n, ana tet the Diftance CF from 

-‘CtoG, and trom B fet off the Difference ot Latitude 110 Leagues, 


rect 


x60 ~—s«Tbe Ufe of the Plain-Scale, in 


ered the two Perpendiculars HI and AK, then through the Point 
draw the line BI, which being meafured in the Scale of Leagues, will | 
“be found to be 1293; then laying a Ruler trom G, to the Interfectiona 
the lines at E, draw the line GK, and note where it interiecteth the 
line AK, which is at K.: Sothe Diftance AK being meafured upon the 
Scale of Leagues, will be found to be 90 Leagues, the Difference of — 
Longitude fought, and Hi the Departure 68 Leagues, | 


PROB. Ill. 4 Ship being in the Latitude 40° North, fails between the 
North and the Weft, until jhe arrive to the Latitude of 45° 30'. aud that | 
her Diflance run be 129 Leagues, I demand the Courfe, Difference of | 
Longitude and Departure? | ‘Plate 4. Fig. 10. 


Firft, draw the line ACB at any convenient Length ; and upon GC 
deferibe the Semi-circle ADB, and fet off the middle Latitude as 
befere, and likewife the Diftance CF from C to G, alfo the Difference 
ofthe Latitude in Leagues from B to H, and from Gto A; then ere& | 
the two Perpendiculars at H and A, then take the Diftance between | 
the Compafies, and fet one Foot of the Compafles in B, and extend 
the other Foot towards I, until it doth interfect the Perpendicular raifed | 
from H, in the Point I, and draw BI; then laying a Ruler upon the 
Point G, unto the Interfeétion of the lines at EK, draw the Line GK, | 
and note where it doth interfeét the Perpendicular raifed from A, which 
will be at K, then the Diftance KA being meafured on the Scale of 
Leagues, will be found to be 90, the Difference of Longitude fought: | 
Then for finding of the Courfe with the Radius of your Scale and one | 
Foot in B, draw the obfcure Arch C n, and that being meafured on the | 
Line of Chords, will be found to be 31°, or two Points three Quarters, 
the Courfe required, which is NNW. three Quarters Wefterly, and the 
Departure H1 66 Leagues. - 


PROB. IV. A Ship being in the Latitude 40° North, fails NNW. three 
quarters (or 7°) W.129 Leagues, I demind the Latitude of the Second 
Place, the Difference of Longitude and Departure © 


Plate 4, Fig. 10, 
Firft, draw the Line BA of any convenient Length, then from one — 
end thereof, as B, defcribe the occult Arch Cn, and fet off 31°, OF 
two Points three Quarters from C to n; then by the Point n draw the 
Line BI, the Diftance 129 Leagues, and from the end thereof as at I, 
let fall the Perpendicular [H; then ‘meafure the Difference of Latitude” 
HB, which you will find to be 110 Leagues, ‘or 5° 30’; the Latitude of 


- the fecond Place is 45° 30’... Then having the two Latitudes find the — 
yg : Mie middle © 


Urea sa 


funk ets 2 
yer aes a 
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im Mereator’s Sailing 


piadle Latitude, as is before directed ; then upon the liae BA, and up- 


‘on the Genter C defcribe the Semi-circle BD A, and drawing the line 
DE from the point D fet off the middle Latitude 42° 45’ both ways 
to M and I, and draw the line ML; then take the dittance DF in your 
Compafles and fet it off from Bto G, and from H to A; then upon the 


- péint A reé& an occnit Perpendicular as MK then by the point F, 
_ draw the line GK, till ic interfeét the Perpendicular at K, then draw the 
line AK, which being meafured in the lise of Leagues, will be found to 
be 99 Leag. or 4° 30’, the diffi of Long and HI the Dep. 67 Leag. 


See other Ways of projecting middle Latitude Sailing, Chap. 6. 


PROB. V. A Ship being in the Latitude 40° fails in that Parallel, until 


her Difference of Longitude be 6°: I dentand the D:fiance run, 
To refolve this Problem by the Line of Longitude onthe Plain-Scale 
you muft underftand, that according to the Globe, the Meridians do 
incline nearer together, until they concur and. interfect each other in 


“the Poles, fothat hereby the degrees of Longitude are not 60 of the 
- Equinodtial Minutes in any Parallel on the North or South-fice of the 
| Equinodtial; but the nearer to either of the Poles you approach, the 


more they decreafe; fo that inthe Latitude of 69 degrees there are but 
30 min. of the Equinodtial to one degree of Longitude; and in the La- 
titude of 84 degrees, there are but 6 Minutes, which doth fhew the 
Errors of the Plain Chart, and therefore in failing, it ought to be recti- 
fied according to the Globe, and to that end was this line of Longitude 
contrived, whichis thus to be ufed. | 

If you defire to know how many Miles there are in a degree of Lon- 


_ gitude in any Latitude, you mutt extend the Compafies from the Center 


in the line of Chords, to the degree of the Latitude of the Place, and 


the fame Extent will reach trom the Center at 60 on the line of Longi- 


tude, to the number of Miles anfwering to a degree of Longitude in 
that Latitude. 

Therefore for the Solution of the fifth Problem here propofed, extend 
your Compafles upon the line of Chords, from the Center to the Lati~ 


tude of the Place, which is 40 degrees, and the fame Extent will reach 


from the Center at 60, in the line of Longitude, to 46, which fhews 
that 45 min.make a degree of Longitude inthat Latitude, which 46 be- 


| ing multiplied by 6, the degrees ot Longitude, gives 276 min, the Di- 


ftance run which was required. 


PROB. VI. 4 Ship being in the Latitude of 40 deg. fails in that Parallel 


276 min. 1 demand her Difference of Longitude’ 

For the Solution of this Problem, find how many Miles make a — 
Degree of Longitude ia the Latitude of 42%, (as in the laft Problem) 
re which 


| Gate oe 


A to b, and ra 
tude be given, 


in that Paralle 
Draw AB 


being 60) and 
Example 2 


bc, upon whi 
Example 3. 

769 Minutes, 
Having dra 

Won. G, then ta 


meafared by Scale and Compa 
a demonftration of the Proportions 
Parallel Sailing by a Cannon) is as follows. 
Upon the Piain-Scale, ta 

is equal to the Chord of 60) 
Perpendicular BC; and fet the 


given, fetit off up 
the Hypothenufe AC, 
of Latitude, bc the Diftance, BC the difference of Longitude. 
that in three things, vz. the Latitu 
of Longitude; if any two be given, the third may be founds: ) 4508 

Example 1, A Ship in Latitude 60° 00! fails due Wedt, till her Difie- 


rence of Longitude be 7° 17’, or 437’. demand how far fhe hath failed 


which fet off the Difference of Longitude 437, 
AC; and at b ereét the Perpendicular bc, to cut AC inc; and be 
meafured, will be found to be 218 4, the Diftance required. 


mand her difference of Longitude? 
With the Sine of go draw the line AB as before, fet the Sine ot the 


Complement of the Latitude from A to b, and raife the Perpendicular 


dicular BC, and from A through the point'c 
in C, fois BC, the Difference of Longitude 536’ or 8° 56°, 


Pas kalng Ty see 


Parallel Sailing by the Plain-Scale. 


But if you would find the things required by Projection, er would 
have your Queftion fo laid down, that what is given or fought, may be 
fles; a very proper method (which is alfo 
we have made ufe of in working 
Plate 2. Fig. a 
ke in your Compaffes the Sine of 90° (which 
and fet from A to B, and at B raife the 
Sine of the Complement of Latitude from 


|. which is 46; therefore if you divide 272 (the Diftance run) by 46 (chee | 
- Milesin a degree of Longitude in that Latitude) the Quotie 


nt will be 6°, | 
the difference of Longitude required. ork i 


» 


ife the Perpendicular b c, and if the difference of Longi- 
{et it on the line BC from B to C, but ifthe Dittance be 


l, 


? 


ontheline bc, from bto c; and through C or c draw 
fo is Ab the Sine Complement of the Parallet 


So 


de of the Parallel, the Ditt. and Difh 


equal to the Sine of 90; and take in your Compafles the 


Sine of the Complement of Latitude, which here is 30 (the Latitude 


{et from Ato b, and raife the Perpendicular BC; upon 


from B to C, and draw 


A Ship in Latitude 42710, fails W. 397 Miles, I de-. 


Plate 2. fig. 8, 


Af 


| 


ch fet. off the Diftance 397 Miles. Ereétalfo the Perpen= 


draw AC, tillit cut BC 


A Ship fails Weft 597 Miles, her difference of Longitude | 


or 12° 49’, I demand what Latitude the failed in? 


Plate 2, Fig. oak ) 


wn A B (the Sine of 90°) raife the Perpendicular B C, upon _ 


ke in your Compafies the Duitance 597 Miles, and 


which fet off the difference of Longitude 769, from B to C, and draw | 
with — 


one 


> 2a 
a 


i 


«Parallel Sailing by the PlainScale. "183 90m 
one foot at (or near) the end of the line AB, as A; fweep the pricked 


Arch d, and with one Foot in (or near).B, and the fame Extent {weep 
the {mail Arch e, lay a Ruler from the Extremity of both thefe Arches, 


it will cut ACinc; from let fall the Perpendicular cb to cut AB in 


b, the Extent Ab taken in the Compaffes and applied to the line of 
Sines; reacheth to 50° 56’ the Complement of Latitude. So that the 
Latitude is 39° 4’, which was required. : 

And becaufe the Triangles BAC and bAc are fimilar (having one 
Right-angle, and the Angle at A being common to both) therefore their 
Sides are proportional, by Euc/, Lib.6. Prop. 4. that is, As Bafe Ab 
to Bafe AB; So Perpendicular bc, To Perpendicular BC. Or by 
altering the Term it is, As Ab, to bc; So-AB, to BC. And be- 
caule in this way of projecting Parallel Sailing Ab is Sine Complement 
of Latitude, b c the Diitance, AB Radius, and BC the Diffrence of 
Longitude; it will follow, that as Sine Complement of Latitade Ab, 
to the Diitance be; fo is Radius AB, to the difference of Longitude 
BC, Which is the Proportion made ufe of in our ‘Trigonometrical 
Operaticns in Parallel Sailing, whichis hereby clearly demonftrated, and 


‘his Proportion altered or inverted as occation requires, ferves in all 


Cafes for reducing Miles Eating or Wetting, to Minutes or Degrees of 


| Longitude, and the contrary. 


_ Queftions in Sailing in a Parallel, may alfo be laid down by a Right 
angled plain Triangle, with only one Perpendicular, making the Perpen- 
dicular equal to the Diftance failed in the Parallel, and the Angle at the 
Bafe equal to the Complement of Latitude; fo thall the Hy pothenufe be 
equal to the Difference of Longitude. | Plater. fig. 13. 
_ Examp/e, Suppofe a Ship fails Weft 206 Miles, in Latitude 56° Le 
make BC 206, the Angle BAC 33° 45'5 equal to the Complement, of 
Latitude, and having finifhed the Triangle.it is, as Sine of BAC Com- 
plement of the Latitude, to fide oppofite BC the Diftance failed: So ig 


Radius, To the Hypothenufe AC, the difference of Longitude, 372’ 


or 6° 52’, and this way allio you may by any two things given, lay it 
down and find the third, 


Another way to work Mercator’s Sailing by the Plain Scale, and 
i if the Meridional Parts. bigs , 
PROB. A Ship fails SSE. from the Latitude 40° North, to the Latitude 
37° 55° North; Idemand the Diftance failed, the Departure and diffe- 
rence of Longitude Plate 5. Fig. 17. 


Having the two Latitudes 40° North, and 37° 3'5’ North, find the * I) 


Meridional Difference of Latitude by the Table of Meridional Parts, which 
is 186’ and fabtraéting the one Latitude {rom the other, the Difference 
ieee Or Fas. + » es elt 


ae OES 


_and BC, fet cff the 


cing it until it cut both the Perpendic 
Anith the two Triangles Abe and A 
the Departure be 58, and the differen 


PROB. II. 4 Ship fails feom the 
N. until ber Difference of Long 


Si aa hal 


The Use of the Plain-Scate. 


To work this Problem, draw the line AbB, then p 
to b, and 186 from A toBs raife the two occult Rerpendicula’s, be 


Courfe two points and draw the 


Courfe, Diftance and Departure ? 


The Meridional 


of his given Length 


points A and C draw A 


Difference of [ati ude is, as In the 
186, the proper differenee of Latitude 140. 
Draw AB 186’, place 140 from A to b, 


end alfo the occult Perpen 


77's 


line AcC, produ. 


ulars in the points c and C, and fo 
BC, The Diftance Ac is F52', 
ce of Longitude BC 77’. 


Latitude 40° N. tothe Latitude 42° 10’ 
itude be 77' Wefterly; I demand the 


Plate 5. Fig. 17. 
firft Problem, 


raife the Perpendicular BC 


dicular be; by the 


C, and finifh the two Triangles, The Courfe 


the Angle at A is two points, or NNW the diftance Ac 152’, the De- 


parture 56%. 


PROB.IL 4 Ship fails 
to the Latitude of 
Difference of Longitude ¢ 
‘The Meridional Difference o 


N. weffer'y 152’ from the 


42°20’ North : I demand the Courfe, 


Difference of Latitude 140 Miuutes. 


Draw AB 186’, 


Perpendiculars be 


point of your Compaties in the polot A, crofst 
and draw Ac, producing it until it con C 
The Courfe is two points, or NNW. the Departure 


point c, 
the Triangles. 


and Ab 140’, as before; and 


an 


58’, the difference of Longitude 77’. 


d BC; take the Diftance 152' 
he occult line b c in the 
cur, with BC, and finith 


Latitude of 40° N. 
Departure, ana 
Plate 5. Fig. 17, 


f Latitude is 186 Minutes, the proper 


\ 


raife the two.occa't 
: and placing.one 


PROB. IV. 4 Ship fails NNW. 152 mia. from the Latitude 40° Nore, 
I demand the Latitude, Departure, and Difference of Longitude £ 


Draw the occult line AB, and fet off the Cour 


Plate §, Fig.17, 
fe two points, and the 


-‘Diftance Ac 152’, let fall the Perpendicular bc, and fo finifh the Tri- 


angle A be. 
other Latitude 42° 
to be 186’. 
BC, until it meet w 
The Departure bc 


Place 184’ from A to B, 


20’, 


ith AcC continued, and fo fnifh 


is §8 min, Ths difference of Longitude BC 77 og 
e 


‘Then A b will be found 140’, or 2° 20’, which makes the 
by which you will find the Meria. Differ. of Lat. 
and raife the occult Perpendicular 


the Triangle ABC: 


lace 145 from A 


to the Southermoftis 4° $2’, or 292’, fhe fails SW. by S. 4% Miles, chen 
three quarters W, 61 Miles, and lat ly WSW, a quarter W. 51 Miles. 
I defire to know the Latitude come to, with the true Courfe and Diftance 


_ made goo; and alfo the Courfe and Diftance from the Ship to the Port: 
_ bound for. Plater, Fig. 10. 


tude between the Ports 205 from A to d, and ere@ the Perpendicular 
de tocut AF in e; which done, A reprefents the Port failed trom, 


_ fented in the Wercator's Chart; DE the Difference of Longitude ea fe 
_ and here only lies the Inconventency that attends Mercator’s Chart, that 
_ meafured upon a Scale of equal Parts, fhews the true diftance ; but when 
_ titude there is fo much difficulty attends the common way of finding 


the true Diftance, that I fuppofe has chiefly if not only difcouraged ma- 
_ ay Perfons from the frequent Ufe of the Mercator’s Chart, and made them 


_ Mercator’s Chart a Method whereby without much Puzzle or Trouble to 
make a Scale for every Mercator’s Chart,. whereby you may with one 


_ own Charts will not be unwilling to be at little more Pains to make every 


_ both. eafy and practical, 


165 


* 


The Ufe of the Plain-Scale, in laying dowy and working @’Traverfe, ac= 
| cording to Mercator’s Projection, | 

A Ship in Latitude 43° 25’ North, bound for a Port in Latitude 40° 
oo’ N. difference of Longitude Wefterly; from the Northermott Port 


9 en 


SSW, half W. 51 Miles, then S. by E. half E. 62 Miles, then WNW. 


Firft ((As youare taughtin Prob. 1. of the Ufe of the Piain-Scale in 
Mercator’s Sailing by meridional Parts) having both Latitudes and Dif 
ference of Longitudes between the Ports, find the Meridional Difference 
of Latitude, which is 274, which fet upon the line AD from A co D, 
and raife the Perpendicular D E, upon which fet the Difference of Longi~ 
tude292 from D to E, and draw AE: Set alfo the Difference of Lati- 


Ae the true Diftance between the Ports meafured upon a Scale of equal 
Parts, according to Plain-Sailing ; E. the Port bound for as it is repre- 
altho’ E, reprefents the Port bound for in the Mercator’s Chart, yet Ae 


the two Ports “A and E, are placed each in its proper Longitude and La- 


to return to the old but erroneous Practice of Sailing by the Plain Chart; 
but to remedy this Inconveniency, and to encourage our Engli/b Sailors 
to abandon it (as being owned by ail that know it to have no better 
Foundation than Falfehood it felf) you fhall have in the Ufe of the 


Extent of the Compaffes, and one Application to the Scale, as in Platz 
Sailing, meafure any Diftance: And {hope they that can make their 


Scale to render fuch a true and ufeful Invention, as. the Mercator’s Chart, 


Having: 


The Ufe of the Plain-Scale. im 

. Having thus laid down the two Ports, and conftituted the Triangles -}, 
A de and ADE, fet off your firft Diftance SW. by S. 47 Miles from 
A to g, and SSW. half W. 51 Miles irom’g to h, €%c. as you are 
taught in Prob. 7. of Plain Sailing by the Plain- Scale; and having laid | 
dawn your feveral Courfes from h to k, and thence tom, the next Courfe, | 
which is the laft propofed in the Queition brings her to c, and the Dift, 
made good is Ac 204.2 Miles, the Difference of Latitude Ab 146 
Miles, and confequently the Latitude come to is 40° 59’, by which you 
find Meridional Difference of Latitude A B198, from B cre& the Per-= 
pendicular BC, to cut Ac (produced) in C, then is BC ror the Diffe- 
rence of Longitude made good, and C reprefents the Place that the Ship 
is in,.in a Mercator’s Chart, theretore draw CM parallel to BD, and 
draw C E, then is, : | 

GM the Meridional Difference of Latitude, ” 


poner 


ME the Difference of Longitude, Between the 
CL the Difference of Latitude, > Ship and the 
CR the Diftance, S Port. 

RCL the Courfe. ; 


When we come to thew the Ufe of Mercator’s Chart, we fhall do it by 
a Traverfe laid down by the Scale above propofed, whereby the Ship 
is brought to her proper Place inthe Mercator’s Chart, without regarding 
Departure, or proper Difference of Latitude. a 


Ws 


PROBLEMS of Great Circle Sailing. © 


PROB. L. Two Places both in one Latitude, the Difference of Longitade ) 
being given, to find by what Latitudes and Longitides the Arch paffer, 
and the Courfes and Diftances from Place toPlace in ihe Arch of a great | 
Circle. at 


Example. Suppofe the Lizard and Pengwin Ifland on New-found-Land, . 
both in the Latitude 50° North, the Difference of Longitude between | 
them 47°; I demand by what Latitudes and Longitudes the Arch pafles, 
and the, Ccurfes and Dittances from Place to Place? : | 

3 | ! Re ‘Plate 4. Figs 1h. 

Draw the line AE and place the Tangent of 4o deg. the Comple=_ 
ment of the Latitude from A to B: with 6o deg. of the Chords {weeps 
the Arch DE, and fet off 47 deg. the Ditlerence of Longitude trom > 
Eto D, and draw the line AD, and place the Tangent 40 deg. the 
Compicment of the Latitude from A toC; then draw the line BC, and | 
‘upon the Arch DE, fet off every § deg. from Eto D, and draw the 

; | ; My ; prick’d 


aay 


i 


prick’d Lines 42, 


‘The Ufe of the Plain-Scala = 

Ae, Ad, %c. and where thefe Lines interfect BC, 
place the Letters, 4, ¢, J, f, g; ce, The diftances 4b, Ae, Ad, Ee, 
being meafured on the line of Tangents, are T'angents Complement of 
the Latitude as follow. 


¥ 


Comp: |Latitude The Latitudes, 
Ab | 3 SO sd 
ae | 38% Shot abate, 
Ad 38 = 5 
Af | 373 3 | 3 
Ae hs 372 Fie Fe 
An | 37% o 543 
Ao 38 ‘o 5? 
Att 382 a Sit 
Al 395 in eye 


'Thefe are the Latitudes by which the Arch paffes at every 5 deg. of 
re aes from B reprefenting the Lizard, to C which reprefents the 
Ifland. 

Having thefe Latitudes and Longitudes, you may find the Courle and 


| Diftance from Place’to Place, according to Mercator’s Sailing, as you 


are taught Chap 7. Prob. i. of this Book, where you have the fame 


Qaeftion anfwered by Arithmetical Calculation; to which (to avoid | 


neediefs Repetitions) we fhall refer the Reader for a proof of this Work 


in this and the following Problem. 


PROB.IL Two Places differing both in Latitude and Longitude, to sind 


the Latitude and Lougitude by which the Arch paffes, and the Courfes 
and Diftances from Place to Place, | 

Exampie. Suppofe the two Places be Trinity-Harbour in Virginia, in 

Latitude 36° North, and the Lizard in Latitude 50° North, the Difte- ; 
rence of Longitude between them 68 degrees. I demand by what Lati- 
tudes and Longitudes the’ Arch paffes, and what is the Courfe and Di- 
ftance from Place to Place? 3 Plate, 4. Fig. 12. 
Draw theline AF, place the Tangent of 40°, the Complement of the 
Lizards Latitude from A to C3 and with 60° of the Chords, and one 
foot in A, deferibe the Arch EP, fet off 68° from F to E, and draw 
the line A E35, then place the Tangent of 54° the Complement of Trinity- 
Harbour’s Latitude trom A to B, and draw BC, letting fall the Perpen- 
dicular A d, then fet off every 5 deg. from E towards F, (becaufe we 
fail from B) draw the prick’d Lines Ar, A2, &e. the Diftance Ar, 
Aa, A3, &e. meafured on the line of ‘T'angents, gives the Comple- 
ments 


ee eC rriea  e 
ments of the Latitudes, by which the Arch pafles at every 5 deg. Difs 
ference of Longitude from B, reprefenting Yrimity-Harbour , towards C, 
whichis the Lizard, C | ae 
And thus having the Latitudes and Longitudes by which the Arch paf=_ 


. 


jes, you may alfo find the Courfes and Diftances, as in the 2d Problem 
| Chapter'7, which tor a help to Memory, you may colle¢t into a fmall 
Table, as in the foregoing Example, &. 3 


y! 


Afironomical Problems wrought by the Plain-Scale, E 
PROB. I. The Sun’s Place or Diftance from the next Equinodial Points, 
and the greate/ft Declination being given to find the prefent Declination, 
Example. The Sun’s place is 26 deg. ¢ of Taurus, that is 56 deg. } © 
from the Equinoétial point ries; I demand his Declination ? a 
Plate 5. Fig, 1 
With the Chord of 60° deferibe the Semi-circle BDC, and raife — 
the Perpendicular AD, and from the Point C fet off the greateft De- 
clination 233 deg. from C to E, and draw the line ATE, then for the © 
~ Sun’s Longitude fet off the 5. 56 3 deg. upon theline AE, from A © 
to; then from the point F, take the neareft Diftance F I to the line ~ 
AC, which meafured on the line of Sines, is 19} deg. or elfe through ~ 
the point F draw GH parallel to BAC; then AC meafured on the Sines, — 
or CH on the Chords, gives 19; deg. the Sun’s prefent Declination — 
Northerly. | 


PROB, Il. The Sun’s greateft and prefent Declination being given; to — 
Jind his Place or Longitdde. s 

Example, The Sun’s Declination is 19’! North, increafing 5 the greate 

_ eit Declination (as before) 23°5, I demand the Sun’strue Place. ‘4 
Plate 5, Fig 18, 

Draw BC and defcribe the Semi-circle BDC, raife the Perpendicular — 
AD, and draw the line AE, as inthe former Problem, place the Sun’s — 
Declination 194 deg. from Band C to Hand K; and draw the line HK © 
which interfeéts AF. in the point F; the diftance AF is the Sine of 56°} | 
the Sun’s Diftance trom Aries; fo that the Sun’s Longitude is 26°4 of - 
Taurus. | ° 


‘ 
y, 
* 


PROB. III. Lhe Sun’s Place and greateft Declination being given, to find 
iy Men his right Afcenfion. ser . ‘a 
Example, The Sun’s Place is 20°F of Taurus, the greateft Declination, — 
 asbetore; I demand his right Afcenfion ? a) Plate 5. Fig. 15. 
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Defcribe the Semi-circle,. draw AD and AE, as before, place thé Sine 

of 563, the Suns diftance trom Aries, from A to PB’; through the point 

I* draw the Parallel H K.; rhen is F G the Sine ot the Right Afcenfion, 

GH being Radius, which you may meafure atter this manner: Place the 

Diitance HG trom A too; upon o as a Center, with the diftance FG, 

|. deferibe the occult Arch atm; a Ruler laid from A until it touch the 

~ Arch, will cuc the Semi-circle BDC in.the poiat N3 the Arch CN is 

the meafure of FG 54°!, the Right Afcenfion. . , 

PROB. IV. The Sun’s Declination given, (the greate/t Declination being : 

known } to find the Right Afcenfion, 

_ Example, "The Sun’s Declination is 19° North increafing ; IT demand 

| the Right Afcenfion. ‘Plate 5. Fig. 58. 

__ Defcribe the Semi-circle BDC, and draw the line AD and AF. as 

| before; place the Declination 19°+ from Band C to H and K, drawin 

| HK; FG being meafured, as in the third Problem, gives the Right Af- 


2 ‘ ° 
cenfion as betore, 54°. 


| PROB. V. Lhe Latitude of the Place, and the Sun 
| * given, to find his Amplitude. " 
__ Example. In the Latitude of 51° North, the Sun’s Declination being - 
(17°2 N. I demand the Sun’s Amplitude? _ Plate 5. Fig 19. 
Draw BAC, and the Semi-circle BZC} ‘the Perpendicular AG: plate 
ithe Latitude or Heighe of’ the Pole 51°s trom C to P, and draw AP; 
fet off the Complement of the Latitude 383 trom Bto Q, and draw 
AQ the Equinoaial ; place the Chord ot the Declination 17°2 trom 
Jto D, and the Sine thereof from A to G, and draw the Parallel of De- 
clination DF. AF meafared on the Line of Sines is 29°3 the Amplitude 
‘| required, 
PROB. VI. The Latitude of the Place, and the Sun’s Declination being 
| ; given, to find the Afcenfional Difference, 
| _ Example. Tn the Latitude of 5123 North, the Sun’s Declination 17°3 N, 
I demand the Afcenfional Difference. . Plate 5 Fig. 19, 
| Deferibe the Semi-circle BZC, and draw the Line ALA PAO en 
and DP, as in the fifth Problem; FG is the Sine of the Altcentional 
Difference, to the Radius DG, which is thus mealured; Place DG itom 
~A_to 03 uponoas a Center, with the dittance FG deferibe the Arch 
@E; a Raler laid trom A until it touch the Arch, gives the point I; and 
BI, 23°3 is the meafure of the Afcenfional Diffe 


rence, 
What the Afcenfional Difference is, and the Ufe of it, may be feen 
Prob. 5, 6, and 7, Chap, 8, : : 


Y é PROB," 


ee, ee 


’s Declination being 
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PROB, VIL The Latitude of 


the Piace, and the SUS Declination bei 


given, to find when the Sun foall be due Eafi or Weft. 

Example. In the Latitude 51° North, the Sun's Declination, 1'7°4, 
North ; I demand at what time He fhall be due Hat cr Weft? a 

Plate 5. Fig. 20% 

circle BZC, and draw the Lines, AZ, AP, AQ® 

and DO, as before; EO ‘s the Sine of the time from 6, that the Sun 


is Ealt or Weft (ro the Radius DO) to meafare which, place DO from 
A to a, and upon the Center a, with the Diftance EO defcribe the 


Arch at g3 a Ruler laid from A, untilit touch the Arch, gives the point 
L, and BL r4 deg. 3 is the meafure of EO, which reduced to time (See 
Prob. '7- Chap. 8.) makes 59'3 which fhews that the Sun is due Haft at 


‘Defcribe the Sem 


59° paft 6 in the Morning, and due Weft at one minute paft 5, or 59 | 
min. before 6 at Night. . a | 
and Sun’s Declination being | 


PROB. VILL Lhe Latitude of the Place, 
given, to find the Altitude of the Sun being due Eaft or Weft. 


Evample. In the Latitude 51°} North, the Sun’s Declination being 
Rie sma demand the Sun’s Altitude being due Raft or Wett? 


as : . Plate 5. Fig. 20. 
* Deferibe the Semi-circles BCZ, and draw the lines AZ, AP, Q_A, and | 
DO, as before. AE being meéatured on the line of Sines, is 23° fer 
Sun’s Altitude deing due Eaft or Weit. 4 
PROB. IX. The Latitude of a Place, 4 
given, to fiud the Sun's Altitude at fix. e 

Example, In the Latitude 51°} North, the Sun’s Declination being 
17a N. 1 demand the Sun’s Altitude at fix? >. | Phare 5; Fig We 
Defcribe the Ssmi-circle BLC, draw the Lines AZ, AQ and DO, 
and thro’ the point O draw the Line lob parallel to BC; BL or Cb 
meafured on the Chords, or Al on the Sines, gives 13°%, the Altitude’ 


ofthe Sun at Six. 
PROB. X. The Latitude of a Place, and the Sun’s Declination bein, 


given, to find the Sun’s Azimuth at Six. | 
Example. In the Latitude 51°3 North; the Sun’s Declination 177% 
North; I demand the Sun’s Azimuth at Six. | Plate §. Fig. 20. 
Defcribe the Semi-circle BZC, and draw the Line AZ, AP, AQ, 
and DO, as before 5 draw lob asin the ninth Problem: lo is the Sine 
of the Sun’s Azimuth to the Radius IL, which is thus meafured 3 place 
IL from A toe, with the diftance Io upon the Center ¢; deferibe a 
~ eccuilt 


oe 


; Ny 


ari 


wd the Sun’s Declination “being | 


a2 


Mate Arch at d; a Ruler, laid to touch the Arch, gives the point b and 
Cb meafured is 11 deg. 4 the Azimuth from the aft or Weft. So that 
the Sun is E. by N. at 6 inthe Morning, and W. by N. at 6 at Night. 


PROB XI. The Latitude of the Place, the Sun’s Declination and Alti- 
tude given, to find the Sun’s Azimuth. 

Example. In the Forenoon, in the Lat. 51 deg. + North, the Sun’s 
Declination is 203 deg. N. and his Altitude 43 deg. I demand his Azi- 
| mouth? | Plate 5. Fig. 20. 
_ Deferibe the Semi-circle BZC, and draw the lines AZ, AP, AQ, 
-and DF, the Parallel of Declination, as in the former Problems; place 
I the Altitude 47 deg. from B and C tod ande, and draw the Parallel 
de, which interfects the Parallel DF’ inthe point G, IG is the Sine of 
the Sun’s Azimuth from the Kaft towards the South, Id being the Ra- 
dius; which to meafure, place Id from Ato c, and thereon with the 
diftanee IG defcribe the Arch at f3 a Ruler laid from A to touch the 
_ Arch, gives the pointh; Bh 243 deg. is the Meafure of IG, Eaft Sou- 
§ therly.  Sothat the Sun’s Azimuth is SE. 65 deg. 30 min. | > 
PROB. XII. The Latitude of a Place, the Sun’s Declination and Alti- 

tude being given, to find the Hour from Noop, 
Examp’e. In the Afternoon, in the Latitude 513 deg. N. the Sun’s 

Declination is 29 deg. 30 min. the Altitude 43 deg. [demand the Hour? 

| Plate 5. big.2t, 


Defcribe the Semi-circle BZC, and draw the lines AZ, AP, AQ, | 
_DP, and de, as inthe 11th Probiem; FGisthe Sine of the Hour trom ~ 
Stix, which to meafure, place DF from A tou, and thereon with the 
| diftance 'G {weep tre Arch at K; a Ruler laid to touch the Arch, 
gives the point o, and Co isthe meafure of FG 45 deg. which redue’d 
‘into Time, gives three Hours, the time in the Afternoon. 


i 


| Sect. I]. The U/e of Gunter’s Scale. 

] Shall not fay much of the Defcription of the Scale, nor of the Pro= 
jection or the Lines thereon, being the Logarithms of Numbers, 
Sines, Tangents, &c. placed upon:a Seale,.only obferve, that the com- 
‘mon Ganter’s Scales have 8 Lines, the uppermott is called Sine Rhombs 
marked at the end towards the Right-hand.SR, and numbred towards 
the Right-hand 1, 2, 3, 4, 5;6, 7,83 and ais:only the Sine of the De-_ 
gree and Minate that an{wers tothe Rhomb,, as the Sine: of 3 on the 
Khombs, is equal to the dine of 33° 45’ onthe Sines; becaule 33° 45' is 
equal to 3 Points, &c. shia hea Kolael ae Se ae [ea 
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The next Line marked TR, isthe Tangent of the Rhombs, andis 
numbred towards the Right-hand, 1, 2, 3) 4) and back again 5, 6, 7, 
the fame Directions are to be obferved in taking the Tangent of a Rhone ; 
of this Line, a8. were given in taking the Sine of any Rhomb. mis’ 

The third isthe Line of Numbers, marked Numb. the tourth is Sines, 
the fitth isverfed Sines, marked /. -o7#e, the fixth is 1 angents, marked 
Tang. the feventh the Meridional-line, marked Merid. and the loweft is a 
Lape of equal Parts, all of which in order, and firft of the Line of Num 

ers. ‘ 
To find a whole Number on the Line of Numbers. 

Among the figur’d Divifions, look for the firft Figure of your Number; 
then for the fecond Figure count fo many tenths trom the long Divifions 
on towards the end of the Rule, as the Units inthe fecond Figure amount 
to: Then for the third Figure count from the lait Lenth fo many Cen 
tefms as the Figure hath Units, and fo likewife for the fourth Figure, 
count fromthe laft Centefm fo many Millions (or Thoufands) as the fame 
4th Figure contains Units; this done, that fball be the Point where the 
Number propounded ts reprefented on the Line ot Numbers, 

The Number given being 12, 10 find the point on the Line of Numbers that 
doth reprefent the fame. 

Therefore according to the Rule, 1 being the firft Figure of this Nam=— 
ber, I take the Divilion at the Figure 1 (in the middle of the Line) for 
the firft Figure ; then the {econd Figure beiag 2, [ count 2 tenths from 
that 1; and that is the point reprefenting 12, where commonly there is 
a fmall brafs Center becaufe it is often in Ufe. | ¥ 

Suppofe the Point reprefenting 144 were required to be found on the 
Line of Number. . 

For the firft Figure in the Number being 1, I take (as before) the 
middle 13 then for the fecond Figure which 1s 4, 1 count 4 tenths on- 
wards, and from the tenth I count 1 Centefms, or hundred Parts further, © 
and that is the potot reprefenting 144. 

To find the point reprefenting 1728, firft (as before) for 1000 I take 
1 in the middle of the Line; fecondly, for the fecond Figure, being 7): 
Treckon 7 Tenths onwards, and that is 7003 thirdly, for the third Fis 

ure being 2, [reckon 2 Centefms from the 7 Tenths, which reprefent= 
eth 20; and then laftly, for 8 you may reafonably eftimate 8 Millions, 
or thoufand Parts, from the lait 2 Centefms, and that Point laft found 
will be the Point reprefenting the Number 1728. a 
| To find a Fraction, or broken Number, onthe Line of Numberse a 
The FraGtions that are to be found on the Line of Numbers, ought 


always to be Decimal FraGions, 1, boy Fess, (Or 1, 5 001) a 
3 t ci 


ther Inches, Feet, 


‘intermediate Figures 20, 30, 40, 50, 60, 70, 89, 99, 


mete 


The Uf of 


5 ae eT : ot ' 
unter’s Scale. 
Yards, Perches, or of any other Denomination; all 
other Praétions muft be reduced into Decimals; and veing thus confider- 
ed, they are exprefled as whole Numbers upon the Line, nt 
Note, If you call 1 at the beginning of the Line one tenth of any In- 
teger, then 2 following muft be 2 tenths; 3, 3 tenths, €8c. and thet in 


>the middle, one Integer; 2, two Integers, 3c. and tue 10 at the end 


mutt be.10 Integers. 

But if one at the beginning be one Integer, then one in the middle 
muft be 10 Integers, and 10 at the farther end 100 Integers, and all the 
fo miny I[nte- 
23, 24, 25; 26, 
Tenths of thofe 
10, 100, 1000; 


gers; and every longeit Divifion between, as 21, 22, 
€¢. fingle Integers; and the fhorteft of thofe Divifions, 
Integers; and fo in Proportion, as +3, 1, To, 100; 
100, 1000, 10000, 2 


PROB: IL. Two Numbers being given, to find a third in a Geometrical 
Proportion, and toa third a fourth, aud toa fourth afith, &e. 


Example. Let the two Numbers given” be @ “and 4; unto which it is 
required to find a’ third Proportional, €%c. Vheretore for the pertore 
mance hereof by the Line of Numbers, extend the Compatles from one 
ofthe Numbers given to the other; thisdone, if you apply the fame 
Extent either upwards or downwards from either ofthe Numbers pro- 


pounded, the moveable point of the Compaffes will fall upon the third Gg a 


Proportional required ; and fo the fame Extent being applied the fame 
way from the third, the moveable point of the Compafles will fall upon 


the fourth Proportional, and from the fourth to a fifth, €%c. and fo to - 


more, as you pleafe; for if you extend the Compaffzs from 2 to 4, and 
turn the Compaffes upwards, with one Point refting on 4, the moveable 
Point will fall on 8, the third Proportional, and trom 8 to 16, from £6 
to 32, from 32 to 64, and fo forward. 


PROB. Il. Ouse Number being given, to be multiplied by another 
to find the Produ. 


To refolve this Queftion Arithmetically, whether by Natural or Ar= 


tificial Numbers, the Proportion is; 
Multiplier to the Produ. 
Example, Let the Multiplicand 8 be multiplied by 5 the Multiplier ; 
extend the Compafiles on the Line of Numbers, from 1 to the Mal- 
tiplicand ; the fame extent being applied the fame way fromthe Mul- 


Asi to the Multiplicand, {0 is the 


extend the Compafles from 1 to 8, the fame Extent 


the fame way 
will reach -from 5 to 40: And fo if you would now 


multiply 
um 


A, Pe at ee 
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Number, 


tiplier, will caufe the moveable point to fall on the Product; for if you’ iq 


any 
pale, r 


- 
‘ 


| 
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ftand, it is but placing one foot ‘al 
le Point will fall on the Preduell " 


Number by 8, asthe Compafies now 


any Number given, and the moveab 
asif you place one Foot in 9, the other will fallon 72, and fo from 8 it~ 


will fall in 64. and from 7 to 56, and from 6to 48: Uhe extent of the 
Compafies may be taken from 10, at the further end of the Line which — 


you may call Fe 


PROB. Hil. One Number being given to be divided by another Number, 


pad to find the Quotient. 
For the refolution of this Problem, the Proportion is thus: As the 
Divifor isto 1, fathe Divicend to the Quotient. | 
Example. Let 40 be the Dividend, and let the Divifor be 8: therefore 
extend the Compafi son the line of Numbers from the Divifor $8 to 14 
this done, the fame extent the fame way fhall reach {rom the ‘Dividenm 


40 ta the Cuotient, which is 5. 

Another Example. Let 750 be a Number given, to be divided by 255 
therefore extend the Compatfles downwards trom 25 to 1, then applying 
the moveable Point will fail upon 


that Extent the fame way from 75°) 
30, which is the Quotient required. 
Now to know of how many Figures a Quotient ought to confilt. 
‘Tt will be neceflary to obferve how many times the Divifor may be 
written under the Dividend, according to the Rules of Divifion; for of 
fo maty Figures thall the Quotient be compofed. 
For Example: 12231 being given to be divided by 27, which faid 
Number may’ be written, according to the Rules of Divifion, three 
times under the Dividend ; therefore the Quotient fhall confitt of three 


Figures, and fo of any other. 


PROB. IV. Three Numbers given, to find a fourth ina diredt Proportion, 
as in the Rule of Three Dirett. 
o refelve this Problem, the Proportion is thus: As the firft Numbe 
the fecend, fois the third Number to the fourth. 
To perform this on the line of Numbers, you muft extend the Com- 
afles trom the firit Number or Term given, to the fecond, which done 
that extent being applied the fame way from the third Term, will caule 
the moveable point to fall on the fourth Term required. 
Exawiple. Ut the Circumference of a Circle whole Diameter is-7 Inches, 
“be 22 Inches: what Circumference will a Circle have, whofe Diame- 


ter is 14 Inches? f | 
Therefore extend the Compafies in the line of Numbers from 7 i 
the firft part thereof, unto 1410 the fecond; this donc, the fame extent 
- being 
me be! . 


given is to 


eee 


ra 17 f 
being applied the fame way from 22, will make the moveable point to 
fall upon 44 Inches, the Circumference required. 

Example, 2, Let the Circumference of a Circle be 22 Inches, and the 
Diameter thereof 7 Inches; how much fhill the Diameter of a Circle be, 
whofe Circumference is 44 Inches? 

Extend the Compafles downwards from 22 in the fecend part of the 


“Line, to 7inthe firft; which done, that Extent being apply’d the fame 


way from 44, will reach to 14, the Diameter fought. 


PROB. V. Three Numbers given, to Jind a fourth, in an inver(e Propor- 


tion (or inthe backward Rule of Three. ) 
To refolve this Problem the Proportion is; As the third Number is 


| tothe fecond, fo is the firft to the fourth. 


Example. If 60 Men make a Trench in 4.5 Hoursy in what time will 
40 Men make fuch another. 

To perform this by the Live of Numbers, extend the Compaffes from 
the firft of the Numbers given to the third, having both the fame Deno- 
minaticn: This done, it the Extent be apply’d backward from the fe- 
cond Number, the moveable point wul tall upon the fourth Number 
required: So that if you extend the Compatics from 60 to 40, (thofe 


|Terms being of the fame Denomination, wz. of Men) this done, the 


Extent being apply’d backward from 45, will reach to,67.5, the fourth 


Number you look for. 
as much in 67 Hours and a half, as 60 Men wiil do in 45 Hours, 


PROB. VI. Three Numbers given to find a 4thin a duplicate Proportion, 
The Ufe of this Problem -is in proportion of Lines to Superficies, or 


_ of Superficies to Lines. Now if the Denomination of the firft and fecond 
Terms be of Lines, then extend the Compafles from the firft Term to 


the third of the fame Denomination; this done, that Extent being ap- 
ply’d twice the fame way from the fecond Term, the moveable Point 
will Ray upon the fourth Term required. . 

Example 1. If the Content of a Circle whofe Diameter is 14 Inches, 
be 154 Inches; what will che Content of a Circle be, whofe Diameter is 


| 98 Inches? - 


Here 14 and 28 having the fame Denomination, viz. of Lines, I ex- 
tend the Compaffes from 14 to 28, then ‘applying that Extent the fame 
way from 154 twice, the moveable point will tall on 616, the fourth 
Proportional fought ; that is, firft, from 154 to 308, and from 308 to 


616. 
. dL | But 


1 conclude therefore, that 40 Men will perform ~ 
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But ifthe firtt and third Perms have the Denomination of Area’s, or 
Contents, and the Ouw/itnm be a Line, then extend the Compafits upon © 


fecond Verm given to the tourth required. | 
Example 2. 1f the Diameter of a Circle, whofe Area is 154 Inches, be 


Divide the Diitance betwixt 154 and 616 into two equal Parts, then 
fet one Foot in 14, the other fhall reach to 28, the Diameter -required, 
PROB, VIL. Three Numbers given to find a fourth, in a triplicate 


Proportion. 


Example 1. If an Iron Bullet, whofe Diameter is 4 Inches, weigheth 9 
Pounis, what isthe weight of another Iron Pallet whofe Diameter is 8 
Inches: : ; 

_ Therefore extend the Compaffes on the Line of Numbers from 4 to 
83 and that Extent applied the fame way three times from 9 the move= 
able Point will firft fall upon 18, then from 18 to 36; and laftly, trom 
36 to 72, the Weight required. 4 


Diameter of a Sphere, or ‘fide of a Cube is fought, then divide the {pace 
between the two given Terms of the fame Denomination into three parts, 
and that Diftance fhall reach from the third to the fourth Proportional. 
Examp’e 2. If an Iron Bullet that weigheth 9 Pounds be 9 Inches Dia- 
meter, what Diameter fhall the fhot of Iron be, whofe Weight is 721b a 
_ Divide the Space between 9 and 72 into-three Parts, and that third 
part fhall reach from 4 to 8, the Diameter required. . 
PROB. VIII. 20 find the /quare Root of any Number under 100000. 


The fquare Root of any Number is always the mean Proportional 
betwixt 1 and the Number propounded ; but yet wich this General 


8, 10, €3¢. Then you muft look forthe Unit, or One, at the beginning 


of the Line of Numbers, and the Number given in the fecond part, and — 
: the 


the Ling of Numbers, unto halfthe Diftance between the firft and third — | 
Term of the fame Denomination, fo the fame Extent will reach fromthe | 


14 Inches, what Diameter will a Circle have, whole Area is 616 Inches? | 


quired. sid . | 


But if two given Terms be Weight or Contents of Solids, and the 
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Caution, viz. If the Figures of the Number be even, that is, 2, 4, Ou 
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nit, and then both Root and Square. will fall backwards towards the 
middle, in the fecond part of the Line; but if they be odd, then the 
middie one will be,beft.to be counted the Unit, and both Root, and Square 
will be found irom thence forwards towards 10; fo that according to this 
Rule the Square Root of 9 will be found to be 3; the Square Root of 64, 
will be 8; ihe Square Root of 144, will be 12; the Square Root of 
1444, to be 385 the Square Root of 57600, to be 240. And to know 
how many Figures any Root cught to confit of, put a prick over the firft 
Figure, the third, the fitth, &c. beginning from the Right-hand, and as 
Many pricksas are noted, to many Figures there muft be in the Root, 


-PROB IX. Io jind the Cube Root of any Number under 100000000, 

| The Cube Root is always the firft of two mean Proportionals, be- 
tween 1 and the Number given, and therefore will be found by dividing 
the Space between them into three equal Parts. And to find ‘how many 
Pigures will be in this Root, you mutt prick over the firtt Pigure, the 
fourth, feventh, &¢ beginning at the Right-hand; and fo many pricks 
as you fi.d, fo many Figures mutt be in the Root, which Root may be 
ealily tound, with thefe Cautions, 

I. f the laft prick fall on the laft Figure towards the Left-hand, then 
the Unit is beft placed at 1 in the middle of the Line, and then the Cube 
ad Reot will both tall forwards towards 10 at the end of the Line, - 
| 2. Itthe laft Prick tall on the laft Figure but one towards the Left- 
hand, you may place the Unit at 1 inthe beginning of the Line, and the 
p\Cube in the fecond part ct the Line, then will the Root be found in the 
PiGrit part of the Line. 

} Tithe lait Prick fall on the laft Figure but two, then place the Unie 
at Tat the end oithe Line, and then the Cube and Root will both tall 
backward, and be found in the fecond part of the Line of Numbers, 

‘Thefe Motes being obferved, the Cube Root of 1728, will be found 
0 be 12; and the Cube Root ct 17576, will be 263; andthe Cube Rooe 
Pt 438076, will be found 76; and the Cube Root of 8120601, will be 

tor; the Cube Root of 1139625, will be 225. 


PROB, X. How to work a Proportion in Sines Glove; ov, three Sines be~ 
ing given, to find a fourth Proportional, 


ourth Sine required. , ies 
This Problem is wrought on the Line of Sines, asthe fourth Problem. 

sonthe Line of Numbers, Take che Extent trom the Sine 22° 45" 

: en 
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the Root in the firft part; or rather reckon 10 atthe end to be the U- 


Example, As Sine 22° 45, (0 dine 47° 30', fois dine 23° Roy oa 


a eae 


on the line of Sines, to the Sine of 47° 30’; the fame extent fhall reach |, 


she fame way, from the Sine of 23° 15’, tot 
fourth Sine required. 
PROB. XI. How to work a proportion in Tangents alone; or, three Tan= 
gents being given, to find a fourth Proportional. - Oe | 
Example x. As Vangent 42 deg. 40 min. to Tangent 15 deg. 20 mine | 
{o is Tangent 39 deg. 8 min.to the fourth Tangent required. 
This Problem is wrought on the line of Tangents, as the former the |) 
Problems on the line of Sines. . 
Extend the Compafles on the line of Tangents, fronr the ‘Tangent |! 
42° 40’ to the Tangent 15° 20’, the fame Extent fhall reach the fame | 
way, from the ‘Tangent 39° 8’, tothe Tangent 13° 3 5/ required,. 
Example 2. As ‘Vangent 14° 58’, to Tangent 39° 15, ; fois Tangent }) 
+ 18’ to a fourth Tangent required. ( 
On the line of Tangents, the Tangents above 45°, increafe from 45° to | 
46°, 47°, 50°, 60°, €3¢. backwards towards the beginning of the Lines} 
Therefore in working this Proportion,. the fame Extent that reaches! 
from 14° 58’, to 39° 15 fhall reach the contrary way from 47° 18' to!’ 
73° 10’, the fourth Tangent required. . ) 
Example 3. As Tangent a1° 30’, to Tangent 37° 20°; fo is Tangent’, 
42° 40’, toa fourth Tangent required. ' 
The extent from the Tangent 21 deg. 30 min, to the Tangent 37°” 
20’, if apply’d the fame way, from Tangent 42 deg. 40 min.. will fall, 
beyond 45 deg. at the end of the Line: Therefore to remedy this Incon-, 


veniency,. having the diftance between Tangent 2F deg. 30 min..and 
Tangent 37 deg. 20 min. place one point of your Compafles in the 


Tangent 45 deg. and let the other point fall backwards towards the be-, 
ginning of the Line, and it will reft on the Tangent 27 deg. 20 min. 


‘| his Point: let remain i 


he Sine of 48° 50’, the | 


I 
mi 


i 


fxed, and clofe the other Point which ftands in 
45 deg. to the Vangent 42 deg. 40 min. then keeping this diftance, place 
one point in Tangent 45 deg. the other. will fall upon the Tangent 6 


deg. 45 min. required. 
PROB. MIL. How to work proportion in Sines and Tangents together. 
Example 1, As Sine n° 30’, to Sine 37° 10°; fo is Tangent 19° 4o: 
to a fourth Tangent required. | 3 ‘tf 
The extent on the line of Sines from 22 deg. 30 min. to 37 deg. Td 
min. fball reach on the ‘Tangents from 19 deg. 40 min, to 29 deg, 2 
min. required. d 
Exanple2. As Tangent Complement 62° 15’, to Sine 56° 45° 5 fo ix 

a } 


the Radins toa Tangent required, ca Becauli: 


| Becaufe there is a Tangent in the firft place of the Proportion, and 
likewife a Tangent in the fourth, therefore this Proportion muft be 
chang’d by putting Radiusin the firft place 5 and inflead of the Tangent 
Complement of the firft Place, take ‘Tangent 60 deg. 15 min. (if it had 
been a Tangent, you muft have taken the Tang. Comp.) and then the 
Proportion will remain thus: 
As Radius to Sine 56° 45’; fo is Tang. 60° 15’to the Tang. required. 
The Extent from Radius, Sine 90°, to the Sine 56° 45’ on the Sines, 
Vfhall reach from Tangent 60° 15’to Tang 55° 40’ required, 
) Example 3. As Radius to Tangent Complement 60° 15’; fo is Tan- 
Igent 55° 40’ to a Sine required. 
|) This Proportion muft be changed, becaufe there is Radius or Sine 
Jo deg. in the firft Place, and a Sine required. Inftead of the ‘Tangent 
)\Complement 60° 15’, take the Tangent 6odeg 15 min. and put Radius 
in the third Piace, and fo the Proportion follows. 
| As Tangent 60 deg.15 min. to Tangent 55 deg. 40 min. fo is Radius 
tothe Sinefought. ‘Therefore the Extent trom the Tangent 60 deg. 15 
min.to Tang. 5§ deg. 40 min. fhall reach from Radius, or Sine 90 deg. 
to Sine 56° 4.5’ required. 
| PROB, XIII. How to work Numbers and Sines together. 
| Example. As 56 t0 106 ; fo is Sine 29° 30' to a Sine required. 
| Extend the Compafies on the line of Numbers, from 56 to 106, the 
Yame Extent fhall reach the fame way on the line of Sines from 29 deg. 
130 min. to 68 deg. 30 min. required. 


PROB. XIV, How to work by Numbers and Tangents together, ‘ 
| Example. As 202 to 52; fo is Tangent 73° 52’, to Tang. required. 
'| The Extent on the line of Numbers. from 202 to §2, fhould reach 
‘che fame way on the line of Tangents from 73 deg. 52 min. to the 
‘Tangent required; but the Compaties fo extended fall beyond the end 
of the Line, therefore this Defect muft be remedied, as in thethird Ex- 
jample, Problem XI. by placing the faid Extent in Tangent 45 deg, and 
etting the other point tall backwards in the Line, which being fixed, 
\lofe the other point to 73 deg. §2 min. and then placing your Com- 
jpaffes again in 45 deg. the moveable Point fhall fall on 41 deg. 40 min, | 
the Tangent required, | . 
| Andin all cafes in Navigation, or other plain Triangles, where both 
Sides and Angles are Terms given or required ; it is beft to extend be- 
ween the two given Terms that fall in one Line, (whether Numbers, 
‘ines, or Tangents. ) : 


i 
i 
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(or Minute) 5000'Feet 5 and hecaufe an half Minuté of Time is ‘them 


gree) in an Hour, or one League and one Mile in a Watch, or 4 Hours. 


Example, In Cafe 1. of Oblique Plain Triangles, the firft and third 
Terms are Angles, and a Side required, but on Gunter’s Scale it is beft 
to extend trom Sine of ATC 45°, to Sine of BAC 33° 45' 3: the fame. |) 
Extent will'reach trom AC 40, to BG 31, on the line of Numbers,’ | 
which is the Side required. . ee. bt 

dee the Ufe of the Meridian-line, and Equal Parts, iv the Ufe of Mere - > |! 

uy | catoy’s Chart. ° q} 


, ; : : 


“Sy api Ill yn Advertifement concerning the Log-Line, | 
x and Half-Minute Glajs. ie | 


Seeing that the manner of keeping a Reckoning of the Ship’s Way | 
(by our Englifh Navizators ) is commonly by the Log-Line and Half- s |, 
Minute Glais, there ought tq be greater Care had to the ‘Truth of them, |) 
but it has been an ancient Cuftom to meafure feven Fathom between |) 
Knot and Knot-upon the Log-line; which way cf mealuring hath been | 
grounded upon a mere Conjecture, that five of our Feet make a Pacey | 
snd a thouiand fuch Paces make a Mile, and fixty fuch Miles make a Deée== | 


gree, fo that a Degree fhould contain 300000 of our Feet, and-one Mile | 


0th part of an Hour, the Log-line fhould anfwer to that Proportion, 
and each Knot thereof be the 12¢th part of a Mile,which is gi Feet and i 
twothirds, between each Knot on the Log-line. a | 
-Butthis erroneous Computation hath been fufficiently refuted by Mray | 
Oughtred, Mr. Norwood and others. | , ee it 
Mr. Oughtred in his Cercles of Proportion, p. 153, doth there propofe 
66+ Statute’ Miles to anfwer to one Degree upon the Earth, each con= | 
taining 5280 Feet; fo that according to this: Computation there ig) 
349800 Feet in one Degree. | 7 | 
And Mr: Norwood, in his Seaman’s Pra&ice, doth declare, (That by i 
a worthy and commendable Experiment of his) be found a iegree of the : 
Circum/erevee of the Barth and the Sea to contin 367200. of our Englifa 
Feet. “Rat He further ‘confenteth, that becaufe the Ships-Way 1s more 
than dotbhreally appear by the Log-Live, and becaufe it is more frle to have, 
the Reckoning tobe fomewhat before the Ship, together with the Evenne/s of 
Numbers to aliow but 360000 Feet to be ove Degree, and confeguently 6000- | 
Peet tobe one Minute, or the 6th part of a Degree (vulgar'y cated a Milep 
which Number being divided by 120, giveth 50 Feet between Knot and Knot on 
the Log-Line ; fo that upon this Ground, if a Ship runneth out one of tho 
Knots in a half Minute, foe runneth one Mile (or the fixtieth part of 4 D 


‘aig and Half-Minute Glafs. 
Likewife Mr. Picart, has lately meafured the length of one Degree 


- 


in France, and finds it ro contain 365184 Engiifh Feet; nearly agreeing ° 


with Mr. Norwood. Notwithftanding thefe Experiments, (together with 
the Confent and Approbation of-other accomplithed Mathematicians in 
their Books of Navigation ) have fufficiently detected this Error, yet this 


‘Truth hath net hadthat Entertainment, as the Excellency thereof hath © 
' deferved, becaufe Cuftom hath fo long prevailed againft Reafon. 


Mr Norwood in his forementioned Book, hath affigned fome Rea- 
fons why he fuppofeth this Error hath been fo long received and tole= 
rated: I fhall forbear to mention, referring you to the Book it 
felf. But I fhall affizn one Reafon more, which I have obferved from 


Experience, which I hope, will in fome Meafure help to prove the ° 


Truth of Mr Norwood’s Experiment, and that the Log-line (as com- 


monly divided) may be proved to be too short for true meafure; For ’ 


I have obferved, that ifa half Minute Glafs be made of its due Length, 
according to the true Lime, that then their Reckonings intolerably out 
ranthe Ship, and they continnally complain, that thofe Glafles are too 
long: But if they havea Glafs thatis § Seconds fhorter than true Time, 
they do reafonably well agree with the Log-line ia their Reckonings 5 
becaufe one Error doth ballance another, viz. fhort Meafure, and fhort 
Time Yet notwithftanding this Concursance and Affinity between this 


Log-line and fhort half minute Giafs, it is apparent that they are both» 
' Errors, and therefore to be rejected: For I fuppofe ic would quickly 
appear, that ifthe Log-lice were of its due Length and Meafure, 7. e. ” 


50 Foot -between each Knot, and the half minute Glafs ot its due 


Mm length, according to true Time, there would be doubrlefs a greater 
| Harmony and Concurrence of Truth, and Navigation be of more cer- 


tainty than it is, | | ; 

~ So that now it doth plainly appear by this above-mentioned Obferva- 
tion, that the Log-line, as commonly divided, istoo fhort, according 
to Mr. Norwooa’s Experiment, becaufe the neceffity of keeping a Con- 
currence in the Reckonings, is by a Glafs thatis too fhort by 5 Seconds 


® for the true time of halfa Minute, or 30 Seconds. any 
But here lfhall give you a Rule, to prove whether a Half-Minute 


Glafs be of a true length or not; the way 1s generally approv’d to be very 
true, and what [ have many times made Exxperince of, and can atteft it 
by my own Knowledge. “Uhe Experiment is mentioned by Mr. Philips, 


-inhis Advancement of Navigation, and is thus to be performed. 


An eafy and exalt way to meafure a Hal/-Minute Glafs, or any fmall 
ek re. : Portion of Lime. | 
Take a Bullet of any Weight whatfoever, and make faft a piece of 


Thread or Silk to.it, being 387 Inches in length, from the Center of | i 
the Bullet unto the end ot the Thread, where a Noofe muft be made 
% “abi to. 4 
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182 The Defcription of the Plain-Chart, 
to hang it on a fmall Pin, which is to be faftened to any place where the © 
Bullet may {wing freely. | 
This Pendulum being thus prepared hang its Noofe on the Pin, the — 
Thread being exa@ly 38% Inches between the Center of Gravity and 
the Center of Motion, each of the Swings of this Bullet (being either 
{wift or flow) fhall be a true Second of Time, fo that 60 of thefe Swings 
will be the true Length of a Minute, and 30 the true Length of half a 
Minute, fo by this ingenuous Experiment you may know which of all 
your half Minutes is a true Glafs: and if you have no Glafs, you may 
meafure any {mall Portion of Time by this Experiment; for halt a fe- 
cond of Time is difeovered every Time the Pendulum doth pafs the Per= 
peodinay that is fuppofed to fall from the Pin whereon the Pendulum 
oth harg. 
But i fhould be objected, That at Sea, when the Ship is thrown to 
and again by the Violence thereof, that when the Vibrations of the Pen- 
- dialum may by that means be obitructed, and fo the Swings to be un- 
' certain. | 
A Remedy there is found againtt this Objection, by making the Thread — ; 
7 Inches fhorter, and thereto make a {mall Knot, which Knot you are 
to hold between your Finger and Thumb, and then with the Motion of 
your Hand to caufe the Bullet always to afcend to an Angle of 60 De- 
grees (from the Perpendicular) and {o fhall each Swing be equivalent to 
thofe before; fo that if a Ship be tofled by the Violence of the Sea, yet 
a Man may make a fhift to try this Experiment, and to meafure a true 
Half-Minute of Time without the help of a Glafs. 


Sect. 1V. The Defeription and Ufe of the Plain-Chart. 

WN the middle is a Center, upon which there is an occult Circle de- 

- feribed, which is divided into 32 Parts or Points; by which are 
drawn feveral Lines quite through the Chart, reprefenting the Rhombs 
- or Points ofthe Compafs, and upon thefe Lines are other Circles defcri- 

bed, and Rhomb Lines drawn, parallel to the former. ; 
‘Then isthe form of the Land pourtrayed upon it, and alfo a Scale of 
Leagues to meafure the Diftances of Places. 

There is alfo a Meridional Line equally divided upon the Chart, which 
difeovereth the Latitude of any Place. ‘The feveral Ufes follow. 


Ute To find the Latitude of ang Place wpm the Chart. 

Take your Compaffes, and fet one Foot in the Place required, and ex- — 
tend the other Foot to the neareft Diftance of an Eaft and Weft Line, — 
and note where that Line doth cut the Meridian-line, (that is divided 
into | 


< 


Sree by 


a The Defeription of the Pian-Chart, wie 
- into Degrees) then fet one Foot where it interfeéts the Meridian-line, and 
the other Foot will reach upon the Meridian-line, to the Latitude of 
the Place required. 
9, To find the diflance of one Place from another. 

If the Diftance required be lefs than the Length of the Scale, then take 
your Compaffes, and fet one foot in one of the Places, and the other 
foot in the other Place, then with the Extent between your Compafles 
applied to your Scale of Leagues, will give the meafure of the Diftance 
oi the two Places, 

_ But if the Diftance between the two Places be greater than the Length 
of the Scale, then firft extend your Compafles upon the Scale to the 
whole Length thereof, and with that Extent fet one foot in one of the 
Places required, then direct the other foot towards the other Place by » 
the help of a Scale er Ruler, ina Right-line, and if the Diftance be 
great, you muft turn the Diftance between the Compafles over twice, 
thrice, or oftner, until you come to the other Place required, and if ic 
falls out that the laft :xtent doth fall over the fecond Place, you muft 
then, from the laft Place where the Compaffes ftayed, draw in the other 

oint, until it touch in the Place required, and meafure that upon the 
Scale of Leagues. As fuppofe your Scale were an hundred Leagues 5, 
and if you turn your Compaffes two or three times over, then ts the. 
Diftance fo many hundred Leagues, and that {mall Diftance more, which. 
being meafured upon the Scale, it giveth the odd Leagues, and io con= 
fequently the Diftance required.. 

3. Zo find upon what Point of the Compa/s one Place beareth from another, 


_ If from the two Places propounded, there be a Rhombz-line that lieth. 
directly from Place to Place, then there is no more trouble in it, but to. 
look upon the {mall Compafs upon the Chart, and fee upon what Rhomb 
itisthey bear one from another.. 
~ But in cafe a Rhomb-line doth not lie direétly from one Place to the 
other, then extend your Compafies from the firft Place in the neareft. 
Diftance to the next Rhombe-line that you imagine in your Judgment lieth: 
neareft a Parallel from Place to Place, and upon that Rhomb-line run your 
Compaffes along, till the other Point (being at Right-Angles with it). 
doth reach the other Place, and that Rhomb-line is the true Point of 
bearing the one from the other. & La ise 

4 To keep a Reckoning of a. whole Voyage upon the Chart. 
| Firfl, It is to be underftood, that you are to keepa Reckoning 
| of every Day’s Work, cither by the Tables, or your Inftruments (as 
| you are before taught) or any other way neceflary for fach a Purpofe, 
&- 3 , ane 
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and alfo to catt ap all your Traverfes for one or more Days: And the 


after you have fo done, and brought it to the neareft Truth you can, ei- | 


ther by Ubfervation or otherwife, then you are to fet cfF your Work | 


upon yout Chart, fo that the Place where your Ship is may appear to. 


your Eye for the fatisiaction of your Mind, and for. the information of || 


your Judgment ¥ a 

As fuppofe that you fail from the Lizard South-weftwards; then from ~ 
that very time you begin to keep your Reckoning of your feveral Cours © 
fes, and Di ance, until you have fome convenient Time to caft up all 
your Work, to find the Difference of Latitude, and your Departure trom 
che Meridian of the Lizard. The Difference ot Latitude we will fuppofe 
tobe 3 deg, and the Departure to be 50 Leagues, which 3 deg. you 


mutt fabtract from the Latitude of the Lizard; which we fuppofe to be & | 
49° 56’ North; fo that the Latitude the Ship is now in, is 46° 56', and ¥] 


50 Leagues to the Weftward, 


Theretore to fet the place of your Ship upon your Chart you mutt ale! 


two pair of plat Compatles 5 with one patr take the extent between they 


Latitude ot 49° 56’ and 46° 56’, and fet one point of your Compafies) | 


in the Lizard, and extend the other point, towards the fecond place, 
but fo that your Compatles may ftand parallel to a North and South 


ine, which may be eafily found with the other pair of Compatles, by ; 


~ trying whether the Legs be equi-diftant from the next North and south 
Line: This done keep one foot of your Compaties in that point, and/ 


with the other pair take the Departure 50 Leagues, from the feale of 
Leagues ; then interchange your Compaftes, placing thete laft pair in they i 


point where the other pair ftood ; fet this Departure 50 Leagues to they 


Weftward, and fo that your Compatfies may ftand parallel to an Eaft” 1 
and Weft Line, which you may try as Is faid before. The fecond point) | 


& 


thus found upon the Chart, is the place of the Ship (according to you 
Reckoging) which was required. teh) 


TORS V. The Projection and Ufe of the true Chart, commonly called” , 


Mercator’s Chart. - a 


Although this Chart is projected upon a Plain, and the Meridians dc 
not incline together, and at laft interfeét each other as they do upon the 
Globe ; yet the Meridians being parallel to cach other, the paralle 
Latitude are contrived fo at unequal Dittances, that in this Projection 
the Rhombs are Right-lines, and the Degrees of Longitude bear the 


fame Proportion, to the Degrees of Latitude in any Parallel, that they 


do upon the Globe; and for the projecting it in this manner, ferves: 

~ Meridian-linc, with the line of equal Parts (the two loweft Line 

en Guuter’s Scale) efpecially for a general Chart ; for if you would m 
Oil | Cha 
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of Mercator’s-Chart. | 
a Chatt toreprefent one half of the Globe, or near it (for you cannot 
go quite to the Poles, becaufe there the Quantity of one Degree of La- 
titude is infinite) provide a fheet of Paper, as broad as almott the length 
of the Scale, wiz. that a line drawn crofs the middle of ir, may con- 
tain 180 cqual Parts; this line fo drawn and graduated, fhail reprefent 
the Equinoctial ; and thefe Divifions are 180 degrees of Longitude. 
Let the length of your Paper be equal to twice its Breadth, and draw 
lines along each edge of it, at right Angles with the Equino@ial, and 
at each end of the 180 Degrees, let thefe lines be graduated upwards and 
downwards, from the Equino@ial, by the Divifions on the Meridian- 
line : fo fhall you have above 85 degrees of Latitude, on each fide of 
the E.quinoctial; then draw lines at every 10 Degrees of thefe unequal 
_ Divifions of Latitude parallel to the Equino@tal, and likewife draw 
lines at each 10 degrees of the Equinoétial and perpendicular to it, 
fo will your Meridians laft drawn interfe& the Parallels firft drawn in c- 
_very 10 degrees of Latitude and Longitude: and then for laying dawn 
any given Place, whofe Latitude and Longitude is known, take a pair of 
Compafies, and with one foot in the latitude of the Place on the gra- 
| duated Meridian, extend the other foot to the neareft Parallel or Faft 
| and Weft Line, and there let them remain ; then with another pair of 
| Compafles, and one foot in the Longitude of the Place upon the Equi- 
| noctial, extend the other to the neareft Meridian or North and South 
4) Line; then running each pair of Compaffes along their re{fpective Lines 
| towards each other, the moveable Points will meet in the given Lon- 
| gitade and Latitude, or Point where the Place given is to be laid down, 


= 


] and by two fuch Charts as thefe (which together will make a perfect 
4} Square, you may reprefent all the Superficies of the Farth, except about 
5 degrees of Latitude under each Pole. 
___ But becaufe thefe Graduations are too fmall for a Chart for a particular 
1] Voyage except at a great diflance) we fhall rather recommend the Ufe of 
the ‘I able of Meridional Parts, which we fhall illuftrate in the following 
Example. ae 
lt Su role a Ship at the Lizard, in Latitud 49° 55’ North, bound for 
| Auntegua,in Latit. 17° 00’ North, Difference of Longitude 54° 07’ Weft, 
}] and it is required to make a Mercator’s Chart tor this particular Voyage. 
| ; s Plate 6; 
Take a fheet of ftrong writing Paper, as large as you intend your 
Chart fhall be, multiply your Difference of Longitude 54° by 60, and 
the Product 3240, is the Difference of Longitude in Minutes; and the 
Meridional Difference of Latitude is 24713 then chufe fome Scale of c= 
qual Parts, of which 3240 may be the breadth, and 2471 the Length, | 
Been with a convenient allowance for running, or what you think 
ok es | Aa Sita 


4 


| 
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486-. The Projection and Ufe | 
. fit to draw for Ornament about the out fide of it: then towards the 
WNorth-caft corner, becaufe your Courfe is South Wefterly, affume a Point 
gs at L, to reprefent the Lizard, and draw Ln, upon which fet the 
Meridional Difference of Latitude from L ton, and fromn draw the 
Line n M, and thereupon fet the Difference of Longitude, fromnto M, | 
then is Ln 2471, the Meridional Difference of Latitude, and nM 3240 | 
the Diff. Longitude, and becaufe it will too much ¢onfufe the Draught } 
to incert Meridians and Parallels to every Degree, we fhail only draw | 
them for every other Degree of Latitude and Longitude; and firft for |. 
the Parallels of Latitude; the Meridional Diff, Latitude between Lat. 59 | 
and Lat. 48 is 183; which fet on the line Lnfrom Lto 48, and draw 
the line 48.48 parallel to. nM, and thus find the Meridional Difference 
of Latitude between Latit. 50 and Latit. 46, which is 3593 fet that | 
from L to 46, and draw the Line 46.46, and fo for the reft of the Pa- 4t 
rallels of Latitude. And then for the Degrees of Longitude, which in | 
thefe Charts are parallel and equi-diftant, take 120 of the fame equal | 
parts, and fet fram n to2, and from 2 to 4, and from 4 to 6, &8c. be- 
caufe you mark but every other Degree, and draw the Meridians, 2, 2. 
4,4. 3c. parallel co Ln, and then if any Headlands or Iflands, &¢, fall ia 
this Chart you may by the Directions given in theunaking of a general 
Chart, lay them down in their proper places. : | 7 | 
Example, 1 defire to lay down the Ifland of St. Michaelin Latitude | 
48° co’ North, and Longitude 17°18" Weft from the Lizard; I fet one. | 
foot of the Compaffes in Longitude 17° 18’, and extend the other tout 
the next Meridian, whichis 18°, and running one foot along the Meri- | 
‘dian of 18°: I obferve where the other cuts the Latitude of 38° (which 
in this Chart is a Parallel drawn) and there ts the Ifland of St, Michael, 
&c, and in this manner you may lay down any Ifland or Head-land, as‘ 
Madera and Teneriff, 8c. alfo the Capes or principal Places on the Coat * 
of Africa may be thus found, and the form of the Land drawn from ' 
Place to Place as you may fee in this Example, t 
Now to find the Diftance between any two Places, you have aScale , 
of Englifb Leagues, fitted to all the Latitudes in the Chart, vz. from * 
E15 to 50 degrees of Latitude as you fee the lines numbred up each fide, . 
the lines that go from top to bottom, interfecting the Parallels of Lati- 
tude at every 10 Leagues; fo that each Parallel contains 100 Leagues in 
ihe Latitude that the Parallel is numbred with. 4 
Example. 1 defire to know the Diftance between the Ifand Zeneriff 
and Cape Bajador, on the Coat of Africa; I extend the Compafies from. 
one place to the other, and applying that Extent to the Seale upon the, * 
Parallel of 28, Ifind it is 56 Leagues. ce 2 


PO ercterr Chit 
Again, if you would lay down any Courfe and Diftance or Traverfe, | 
it’s done with the fame and no more trouble than upon the Plain-Chart, - 


. as for Inftance: 


A’Ship at the Lizard, bound for Madera, fhe fails South 52 Degrees 
Weft 100 Leagues; and then SSW. the fame Diftance, and SSE. 100 
Leagues more ; and then again SSW. 100 Leagues. But having no Ob- 
fervation, and fuppofing, himfelf to be near the Latitude oi the Ifland, 
he ftecr’d Weft 70 Leagues, but made no Land; I demand how the 


| Tfland bears from him, and at what Diftance. 


Here you fail from Latitude 49° 55’, and ftcer to the Southward, 
and may forefee that Latitude 48° will be neareft the middle Latitude 
you fail through (for you need not regard Minutes nor Half-Degrees in 
this Cafe) therctore take 100 Leagues irom the Parallel ot 48 deg. in the 
Scale, and fet from L to g South 52 deg. Weft. ‘Then from the Parallel 
of 45, the next midd'e Latitude, take 100 Leagues, and fet SSW. trom 
gto h; and from the Parallel of 40, fet 100 Leagues trom h to k, and 
from the Parallel of 3.5 fet 100 Leagues from k to m, which brings the 
Ship to Latitude 33 deg. neareft 5 therefore from the Parallel of 33 take 
off 70 Leagues, and fet Weit from m to d: And thus you may fee the 
Longitudes and Latitudes you came thro’, and where you are now arrived, 
which is in Latitude 32° 59’, and Longitude Weft from the Lizard 12° 
36', as the Chart plainly difcovers without any other Operation. 

‘Now if you would prove the Truth hereof you may find the Diffe- 


gence of Latitude and Departure for the feveral Courfes, and reduce them 


all to one, as you are taught in the Ufe of the Traverfe-Table, and you 
will find the Difference of Latitude 16°: 56’, which fubtracted from 49° 
55’the Latitude failed from, leaves 32° 59’ the Latitude come to. The 
Meridional Difference of Latitude is 1369. ‘Then, as Diff Lat. 1016. 
to Merid. Diff. Lat. 1369: So Departure which you will find to be 561, 
To Diff Long. 756’ or 12° 36’, as before, and Courfe to Weft-end of 
Madera SE. by 8.48. fere, 16 Leagues. | 


How to make the Scale for the Mercator’ Chart (fuppofe of 100 Leagues, oe | 
_ asin this Example.) ) “i 


Firft, find the Length of 100 Leagues in the leaft Latitude (which — q 


here is 14) thus, As Sine Comp. Lat. 14°, To Radius ; So is 300 Miles 
(the length of your Scale) ‘To 309’ or 5° 09’, which taken off the gra~ 
duated line of Longitude, let it be the length of the loweft line of the 
Scale PQ , upon the middle of which line (at 50) raife the Perpendicular 
50.50, fubtra& the natural Secant of the leaft Latitude 14°, from 
the natural Secant of the art Latitude 50°, and the Remainder 


a 2 5251 


188 Tie Projection and Ufe. ae 
5251 taken from a Scale of equal Parts, fet from §0 to 50 upwards up- | 
on the forefaid Perpendicular; and through 50 draw the uppermoft line |, 
at right Angles with the Perpendicular, and parallel to the bottom-} 
line PQ, that line reprefents the Parallel of 50°, ‘Then having found 
by the foregoing Proportion the length of 100 Leagues, in Latitude 
50°, which is 467’, or 7° 47’; take half thereof, vs. 3° 53’ > trom 
the graduated line of Longitude, and jet it both ways upon the forefaid 
Parallel of 50 from the middle of the line (where it is cut by the Per- 
pendicular) to each end ; fo fhall the diftance between thofe two Marks | 
be the Meafure of 100 Leagues in Lat. 50°. ‘Then from the Extremities 
of the top and bottom lines, draw the fide lines, 50 Pand 50Q. Now 
to find the intermediate Parallels, fubtraét the natural Secant of the leaft | 
Latitude 14, from the natural Secant of each greater Latitude as 15, | 
16, 17, 3c. to 50, the feveral Remainders taken in your Compafies 
from the fame Scale of equal Parts, by which you meafured the mid- 
dle perpendicular line, and fet upon the fame line from the line PQ. 
upwards, fhall determine the points in that line through which the 
feveral Parallels muft pait; therefore through thefe Marks draw lines 
parallel to the line PQ, they reprefent the feveral Parallels required, | 
‘Then divide the uppermoft and loweft Paraliel each into 100 equal Parts, |) 
marking them both with 10, 29, 30, &¢, and between thofe Divifions 
marked with the fame Number, on each line, draw ftrait lines through 
the Scale; thefe Lines will alfo divide each Parallel into 100 equal Parts 
or Leagues, upon which you may meafure ycur Liftance in any parallel | 
as before is taught, | 


Zo make it Geometrica ly, 


Take 300 miles (the length of the Scale) off the degrees of Longitude, 
whichis 5 degrecs at 60 miles to a degree, which in this Cafe you al- 
ways allow) and with that Extent {weep a halt Circle, as you fee inthe , 
fourth Figure in the Ule of the P/azw Sca/e in this Chapter. Seg,.1. and ; 
upon the end of the Diameter AB as at B, erect the Perpendicular BT; 

_ then from the Center C, and through the given degree of Latitude up- 

_ onthe Periphery of the Circle, draw a line to cut the alorefaid Perpen- | 
dicular; that line applied to the Scale fhall be the length of 100 Leagues, 
in that degree-of Latitude through which it was drawn, i 
Hence the length of any Number of leagues in any Latitude, is no | 
more but the Secant of the Latitude to a Radius, confifting of the - 
fame Quantity of Leagues taken from the Equinodtia!, allowing 20 leag.> | 


ie (or 60 Miles)-to a Degree: And by this Scale thus made, it yontake | 
_ off 100 leagues in the Parallel of 34 deg. (the next whole degree greater | 


' than the middle Latitude of the Chart) and turn it along the pricked — 
* , lined? | 


fl 
i 
\ 
} 


Longitude between any two Places ; which is thus to be performed. 


Pe MercatorsChat 
line LM, the diftance from the Lizard to Antegoa, will be found to be | 


1098 Leagues 5 and the Arch ab fhews the Courfe South 53° 10’ Weit, 
or South Weft almoft 3 Weft; both which are fufficiently exa%t. _But it 


you do not make your own Charts, or cannot buy thofe that have fuch 


| Scales in them, then with refpect to the common Mercator’s Charts, ob- 
 ferve the following Directions, 


| 1. To find the Latitude of any Place in thefe Charts. 
This Operation upon thefe Charts is in all refpeds like that which has 


'/ already been delivered for the fame Purpofe, in the Ufe of the plain Sea- 
| Chart, for if you fet one point of your Compafles in the place whefe La- 
\titude is required, and open them in the fhorteft Diftance to the next 
) Eaft and Wet Line,obferving where it interfects the graduated Meridian, 
‘and then place one point in that Interfection, turning your Com pafles 


upards or downwards, according as the Place lics, from the Haft and 


| Welt line, and the moveable point fhall fhew upon the faid Meridian the 
| Latitude of the Place required. ; 


Suppofe the Latitude of U/bant were required by this Chart. 
It you take theneareft Extent to an Haft and Weft line, and place that 


| |) Diftance from the Interfection on the graduated Meridian, as is before 
‘\direéted, you will find the Latitude ot Ujbant to be 49 deg. 30 min. 


) Northerly. 
1/9. Lo find the Longitude of a Place, and confequently the Difference of Lon= 


gitude in Degrees, between any two ‘Places, fcituate upon the Chart. 
To findthe Longitude of any Place upon the Chart, fet one point of 


; your Compatfles in the faid Place, and take the neareit Diftance to the 
next North and South Line, and obferve where this Line interieGs the 


Equino¢tial ; and keeping the fame H’'xtent in your Compatles, place one 


point in the Interfection, and turning the Compaftes the fame way that 

| the place, whofe Longitude is fought, lies from the North and South 
‘line, the moveablt point refting in the Equinodtial, will thew the Longi- 
tude required. 


Suppofe the Longitude of Barbadoes were required, 
-If you place the point of your Compafles in the Ifland of Barbadves 


jin this Chart, and take the fhorteft Extent to the next North and South 
tine, placing the fame at the Interfeétion inthe Equino@ial as is direct- 
ed, you will find the Longitude of Barbadoes to be in thefe Charts 55° 
30’ from London. _ But the Longitude of Places being various, according 
+o the place from whence it begun, fome reckoning it from Lowdon, fome 
from Zeneriff, &c. the chief Bufinefs will be to find the Difference ot 


When, | 


yO - «The Projettion and Ufe ; : a 
When you have found the Longitude of the two Places, if they have}. 
the fame Name, their Difference, but if of contrary Names, their Sum 
is the Difference of Longitude between the two Places. | || 
Suppofe the two Places were the Lizard in the Longitude 5°14’ Weft,|, 
and Barbadoes in the Longitude 58° 03’ W. fubtracting 5° 14° from 58°} 
03’, the Remainder 52° 49" is the Difference of Longitude. it 
Again, fappofe the two Places were the Lizard, as betore, and St. Tho-} 
mas’s Iflein the Longitude 9° 58' Eaft. Add 5° 14' to 9° 58" the Sum}, 
will be 15° £2’, the Diff. of Longitude between the two given Places, ' 


3. To know how one Place bears from another, I 

For the performance of this Problem, lay -the Edge of a Ruler from) 
one Place to another, and with a pair of Compafies try which of the}. 
Rhomb-lines the edge of the Ruler is the neareft Parallel ; which being} 
found, that fheweth the point of the Compafs the two Places bear one)’ 
érom another. . i 
Suppofe the bearing of Barbadoes from the Lizard were required. — | 
Therefore lay the edge of the Ruler upon both Places, and you will! 
find, that South Weft half a point wefterly, is the neareft Parallel thereto,} 


| 
) 
1 
f 


which is the bearing of Barbadoes from the Lizard, and the oppofite |: 
point North Eatt halt Eaft, the bearing of the Lizard from Barbadoes, — 


f 
\ 
! 
( 
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4. To find the Diftance of two Places upow Mercator’ Chart. 


If both Places be in one and the fame Latitude, take with your Com-' 
pafles the length of a Degree of the Meridian at that Latitude; (taking! 
half the Degree above and half beneath the Latitude) for fo oft as you’ 
fhall find that length between the two Places, fo many times 20 Leagues 
are there betwixt them: but if the Diftance be great, for Expedition,’ 


you make five times the length of that Degree, and counting it for 100° 
Leagues, proceed as before. . : i 
Suppofe the Diftance were required between the point of Ujbant and- 
Cape Banavifia in New-found-land, q 
The Diftance taken as before about the Latitude of 49°, you will find’ 
itto be 609 Leagues. a | 
But if two Places have not the fame Latitude, the F'quinodtial not co, 
ming between them, fubtra&t the leffer Latitude out of the greater, but 
if the Equinoétial cometh between them, add both Latitudes together, 
-' {9 have you the Difference of Latitude between both Places. i | 
Now if both Places have the fame Longitude, fo many Degrees 4s; 
there are inthe Difference of Latitude, fo manytimes 20 Leagues is the! 
Diftance. orb: ae | | «Bat 


oe ey Mercater's'Charé. 


_ But ifthe Places differ both in Laticude and Longitude, then look 
\how many Degrees the Difference of Latieude contains, fo many De- 
Jerees of the Equinoctial take between your Compaties; then lay a Ru- 
Jer to both Places whofe diftance you feek, and obferve where the Ru- 
Ver croffes the Equinod@ial, or fome other Eaft and Weft Line, (or Paral- 
Vel of Latitude) and leading one foot onthe Equinoctial or other Parallel, 
| move forwards the other alfo Parallel-wife, keeping always that Diftance, 
till ic crofs the Rhomb of thofe two Places, in fuch fort, that one foot 
iIrefting by the edge ofthe Ruler, the other carried about, may but only 
Pytoach the Equinodtial, or other Parallel cut by the edge of the Ruler ; 
‘then take with your Compafies the Segment, or part of that Rhomb-: 
between that Place and the crofling ofthe Equinodtial or Parallel, which 
Pimeafure in the Equinoctial, and ice how many Degrees are contained 
‘\between them, fo many times 20 Leagues isthe Diftance of thofe two 
|) Places. 
. Or, ifthat Segment of the faid Rhomb be greater than can well be 
taken with the Compaffes, take the Length of 5 Degree of the Equi- 
|jnoctial between your Compaffes, and look how oft you can find that 
Length in the Segment of the Rhomb aforefaid, for fo many hundred. 
| \Leagues is the’ Diftance of thofe two Places. 
} It the Diftance from the Lizard to Barbadoes were required, the Dit- 
\ference of Latitude between thofe Places is 36° 45’, therefore take 36° 
145’ from the Equinottial, and laying a Ruler over both Places until te 
}will crofs fome Parallel of Latitude; then keeping this Diflance of De=- 
P\grees in your Compafles, apply one Point to the edge of the Ruler, fo 
that the other Point may but juft touch the Parallel crofied by the Raler;. 
P \the Segment of the Rhomb between the Point where the Compaties Ray, 
Jand the Interfection by the Ruler and Parallel of Latitude, meafured by 
\the Degrees of the Equino@ial, gives the Diftance about 1140 Leagues,, 
jwhich was required: But if your Chart have fuch a Scale to it as we 
Wave juft now defcribed, you may fave all this trouble and take off your 
Diftance at one Extent,. as you are already taught. 


There is nothing elfe that will be of any Difficulty in the common Uje of 
this Chart, if thefe plain Directions be underfiood. : 


Sect. VI. The Defeription and Uje of the Globes. » 


| & F Globes there are two forts, ont is Terreftria/, and the other = | 
NS Celefiial, | \, 4 
). the Yerreftria/ hath on the Superficies of the Body pourtrayed and de= 
)icribed the whole Form and Fafhion of the Earth and Sea, with theCir-- 
cles 01 s Sphere, as Colures, E,quinostial, Tropicks,. &.. ‘The . 
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192 Geographical Defin Monee 
The Caleflial Globe hath on its Surface the Conftellations of all 
known Stars in the Heavens, placed tn their Latitudes and Longitu 
» Right Alcenfions, and Declinations, drawn into feveral Images and F 
eures, according tothe Fictions of the Ancients, with the Circles of the 
Sphere, as in the Terrefirtal Globe. | 4 


Geographical Definitions necefjary to be anderficod. 
& Def#.1. The Globe of the Earth is afpherical Body, compofed of 
f arth and Water, and is divided into Continents, Iflands and Seas. 4 
Il. A Continent is a great quantity of Land, not divided nor feparated 
by the Sea, wherein are many Kingdoms and Principalities; as Europe, 
Afd, and Africa, are one Continent, and America is another. qq 
Ill. AnIiland is fach a partof the Earth that isinviron’d round with 
Water; as the [fland of England and Scotland, and alfo Ireland, the Ifle 
of Wight, Barbadoes, &c. . "a 
IV. A “eninfula is {uch a part of Land is almoft encompaffed about 
with Water, and is only joined with the Land by an J/tbimus ; fach is 
that great part of Land in America, called Peruviana, and Morea inthe 
Levant. ag 
V. An Ifhmus is a narrow neck of Land which joineth the Peni 
to the Continent. : : aa 
VE A Promontory is fome high Mountain, or great Cape of La od 
that fhooreth it felfinto the Sea; as Cape Bon E/perance, or Cape de 
Verde in A rica. i ‘_ 
VIL. The Ocean isa general Collection of the Waters, which (except 
» here the Land lies above it) environeth the Earth on every fide. © 
VILL. The Seais part of the Ocean, to which we cannot come 
thro’ fome Straits, as the Mediterranean and Baltick Sea. - 
1X. A Straitis a part of the Ocean, reftrained within narrow Bounds 
and opening a way to the Sea; as the Straits of Gibraltar that leadeth 
into the Mediterranean, and the Sound that leadeth into the Baltick § 
XA Creek is a {mall narrow part ofthe Sea, or Rivers that goup 
_ little way into the Land. a 
- M1, A Bay is a great Inlet of the Land, as the Bay of Bi/cay and 
the Bay of Mexico. ann 
X1f. A Gulph isa great Inlet of the Land, deeper than a Bay; fuch 
ig the Gulph ot Venice, and the Gulph of Florida. ie 
XML. A Chmateis a certainfpace of Earth and Sea, that is incluc 
» within the fpace of two Parallels ; and of them there have been ancien! 
accounted feven. Pies oo is ee 
1. Dia Merces, 2. Dia Synes. 3. Dia Alexandria. 4. Dia Rhoo 
5, Dia Rhomes, 6. Dia Borifihenes. 7. Dia Ripheos, But now ther 
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i The Divifion of the Earthly Globe. 103 
) are24-omeach fide of the Equator, being limited by ever half Hour’s 
-Increafe of the Day, beginning at the Equator, and ending where the 
} longeft Day 1s 24 Hours, _ ‘ ? 
) XIV. A Zone is acertain Space of the Earth, contained between 
) certain Circles of the Sphere, and are thus divided: 
| The Earth is divided inte five Zones, viz. one Torid, or Burning 
| Zone, two Temperate, and two Frozen Zones. ea, 
The Torid Zone is that which is on each fide the Equinoctial, 
bounded by the Tropicks of Caucer and Capricorn, Ei 
_ The two Temperate Zones are contained between each Tropick, 
‘| and the Polar Circles. , . ; 
| _ The two Frigid or Frozen Zones, are contained between each Polar 
Circle and their ref{pective Poles. 

The Globe of the Earth is divided into thefe four Parts, v/z. 
EURO? #, d $ AFRICA, 
ASIA, S AMERICA. 

EUROPE is bounded from Africa by the Mediterranean Sea; 
| onthe Eaft with the River Zanais, and on the Weft with the Weftern 
Ocean ; and containeth thefe Provinces; 


|| Germany, Spain, Sweedland, Hungary, 

|| ita/y, Denmark, Mujfcovy, Sclavony, 

ae) CFrance,’ ~~. | Norway, Poland, ' Greece, 

| . Portugal, Romania, P. of Yartary, Dalmatia, — 

ii The Principal Iflands are, ee 

i| Great Britain, Candia, Sardinia, Cyprus. 
Ireland, Scilly, Cor fica, 


-| ASIA is bounded on the North with the Northern Ocean, and on 

| the South with the Red Sea; on the Eaft with the Eaft Indian Ocean, 

and onthe Weft with the Flood Tamnais, 
The Principal Regions are, 


Anatolia, Armenia, Affjria, Perfia, Ching, 
Syria, Arabia, . Meéfopotamia, Mogul, India, and the 


 Paleftine, Georgia,  Chaldea, Tartaria, Ulandsthereof. _ 

AFRIC A is bounded onthe Eaft with the Red Sea, onthe Weft 
with the 4t/entick Qcean, on the South with the Southern Ocean, and 

_ onthe North with the Mediterranean Sea. 
Ee The Provinces are, | 

| a Egypt, Barbary, . Aithiopia, oe 

| es Aby fines, Monomotapa, Novia. ey 


- The Principal Iflands are, eat war 
dagafear, or St. Laurence, St.Thomas, =~ Capede Verde 
Canary lands, ds, , 


The Madera Iflands, (Iflan 
en ea ae M 
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aay ee The Dipiffon of the Earthly Globe. 


AME RIC A is bounded on the Eaft with the Atlantick Oceans | 
on the Weft with the Pacifick South Sea, on the North with the Nor- 4 
thern Ocean, and on the South with the Magellanick Sea. 4 


< 
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It confifts of two, viz. North and South America. 


‘The Provinces of North America are, 
New France, New Fer/ey, Carolina, 
New England, Maryland, Terra Florida, 
Penfyluania, Virginia, Mexico or New Spain, 
And Greenland, not yet tully difcovered.. 


The chief Hlands. are, 
Teland, Hifpaniola,  “famaica, | 
Greenland, Cuba, New-found-land, ieee { 
California, ‘Porto Rico,  Barbadoes, andthe reftof theCarribbee 


(Iflands, 


‘ 
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The Provinces of South America are, . 

Brazil, Chilt, Amazones, Magellanick Land, 

Terra tirma, Peru, Paragua, Guined. | 
One Ifland, Yerra del Fuego. 


- The Names of the Seas in feveral Parts of the World. 
Mar del Nort, Narrow Sea, Mediterranean Sea, Mare Majore, Mare 
Pacificum, Mare Cafpium, Eaft Indian sea, Perfian Sea, Red Sea, 


The Names and Numbers of the Stars of each Compfellation on the Coleftiak 
Globe. 

Northern Conftellations are 23, v/2. 
Urfa major, | 9 | 13 Serpentarius, 
Ur/a minor, 14 Serpents, 
Dracs, 15 Sagitta, 
Cepheus, 16 Aquila, 
Rootes, 17 Antinous, 
Corona Borealis, | 18 Delphinus, 
Fgonafes, or Hercules, 2 19 Eguiculas, 
Lyra, 20 Pegasus, 
Olor, or Cygnus, 21 Andromeda, 
Caffiopea, ae 22 Triangulunt, 
Perfeus, Beles 23 Coma Berenices, 
Altriga, 


= 
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The Conftellations. 
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Zodiack Conftellations, 12, viz. 


7 Libra, 

8 Scorpio, 

9 Sagitarius, 
10 Capricornus, 
Il Aquarius, 
120 PUers, 


Southern Conftellations, 27. 


1 Aries, 13 
2 Tauris, 23 

3 Gemini, 18 

4 Cancer, 9 
5 Leo, 26 
6 Virgo, 27 

i Cetus, 22 
2 Orion, 31 

3 Flumen Eridanus, 34 

4. Lepus, 12 

5 Canis major, 1 

6 Canis minor, 2 

7 Argo Navis, 4l 
8 Hydra, 25 
9 Crater, 7 
10 Corvus, ji 
11 Centaurus, 37 
12 herd, aut Lupus, 19 
413 Ara, 7 
44 Corona Auf. 10 


15 Pifces Aufirius, 
16 Gris, 

17 Phenix, 

18 Indus, 

19 Pavo, 

20 Apus avis Indica, 
a1 Apis mufca, 

22 Camelion, 

23 Triangulum Auffer, 


24 Pifces volans, 


25 Dorado, 
26 Toucan, 
27 Hydrus. 


The Globes are compofed of thefe Parts. 


Firft, The Body or Globe itfelf. 
Secondly, "The Brazen Meridian, 
Thirdly, The Quadrant of Altitude. 


Fourthly, The Hour Circle and. Index. , 
Fijthly, ‘The wooden Frame in which it flands, called the Horizon. 


__ The Globe doth reprefent the natural Scituation and Pofition of the 
Earth and Heavens, and performs Problems of the Sphere, either in 


Afironony or Geography. 


1. The Brazet Meridian is divided into 4 Parts or Quadrants, cach 
within this Meridian the Body of the Globe 
turneth upon the Axis, being two ftrong Wires. 
_ 2. The Hour-Circle is a flat Ring of Brafs, faftened upon the North 
Part of the Meridian, and is divided into the 24 Hours of a natural 


being divided into 90° 


Day ; and each of thefe Hours fubdivided 
3. The Quadrant of Altitude is a long an 


2 


bu 
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into 90°, and is to move up.an 


into Halves and Quarters, 
d thin Slip of Brats divided 
d down upon the Surface ofthe Globe to 
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106 The Ufe of both Globes. 
any Pofition required ; and when placed in the ‘Zenith, the Edge there- 
of reprefenteth an Azimuth, and the Divifions thew the Almicanters, 
or Circles of Altitude. : 

4. The Horizon is a flat and round Frame of Wood, in which the 
Brazen Meridian, and confequently the whole Globe doth move, being 
divided into a Kalendar, fhewing the Day of the Month, the Place of 
the Sun, the Rhombs, sc. 4 


PROB. I. How to fet the Globe to the Latitude of a Place. 


You have next the Edge of the wooden Frame, which reprefents 
the Horizon, the 32 Points of the Compafs, by which you know which 
is the North and which is the South part of the Horizon, therefore 


put the North Pole ofthe Globe to the North, and the South Pole to_ 


the South part of the Frame, and if you are in the North Latitude, 
draw up the North Pole (but if in South Latitude the South Pole) of 
the Globe till the given Degree of Latitude upon the Brazen Meridian 


under the elevated Pole juft cut the Horizon, and then is the Globe | 


fet to the Latitude of the Place, and fit for Ufe. 


The Ufe of the Terseftial Globe. 
PROB. IL. Yo find the Latitude of any Place upon tha Globe. 


Firft, find the Place required upon the Globe, then turn the Globe 
about until the Place whofe Latitude is required, be juft under the 
Brazen Meridian, then note what Degree ftands againft 1t on the Me- 
ridian; that is the Latitude of the Place which was required. 


Example. Let it be required to find the Latitude of Rome Turn 
the Body of the Globe about until Rome be juft under the Brafs Meri- 


dian, and you will fee 41° 51’ to be right againft it ; which ts the La- 
titude of Rome, 
PROB. III. %o find the Longitude of any Place upon the Globe. 


Turn the Body of the Globe about, till the Place whofe Longitude 
you require comes under the Meridian: Then obferve what Degree of 
the Equinoétial is cut by the Brafs Meridian, and the Number of thofe 
_ Degrees is the Longitude of a Place you feck for. ; 

Example, Let it be required to find the Longitude of Rome, as be= 
fore, therefore bring Rome under the Meridian, which being done the 
Meridian will cut the Equinodtial in 36° +, the Longitude ot Rome re- 
quired, if you ufe Globes that begin Longitude at the Ifland of St. 
Michaels; bat of late the Globes frequently begin to reckon Longitude 


from the Meridian of London, and then if you turn the Globe as be= 
fore, you will find Rome in Longitude 12°28’ Eaft from ica: a i 
‘ P 7% - 


a 


The Ufe of the Caleftial Glove. 107 
PROB.IV. 70 jd the Diftance of any two Places on the Globe, 
To perform this, lay the beginning of a Degree on the Quadrant of 
Altitude upon one of the Places required, and note how many Degrees 
“there are contained between them ; which is the Diftance between the 
faid Places. Reh Ant 

Example, Let it be required to find the Diftance between London 
and Rome; therefore lay the Quadrant of Altitude from one lace to, 
another, and you will find 13 Degrees to be intercepted between the. 
aforefaid Places, which is the Diftance between Loudon and Rome, 
PROB. V. Jo find the Pofition of Places one from anaiher. 

Firit fet the Globe to the Latitude of one of the Places, and bring: 
the fame Place under the Meridian, and extend the Quadrant of A'ti~ 
} tude, being fixed overthe firft Place to the other Place, and the End 
of the Quadrant fhall point out on the Horizon the Pofition that one 
} Place hath from the other. 

} Example. Lit it be required to know the Pofition of Rome from London, 
) therefore bring Lovdon under the Meridian, and there fit the Quadrant of 
} Altitude, and the edge thereof upon Rome, and the end of the Quadrant 
} of Altitude will point to 53°, which is the Pofition of Rome trom London, 


The Ufé of the Caleftial Glove. 

‘PROB. VI. The Day of the Mouth being given, to find what Sign and 
| Degree the Sun is in. 

-Firft find the Day of the Month in the Kalender, on the Horizon, and 
} sight againit it you fhall find the Sign and Degree in which the Sun is, 

Example, Let it be required to find the Sun’s Place on the 5th of May. 
You mutt find the 5¢/ ot May in the Kalender, and right againft it, you 
will find 25 Degrees in Taurus, which is the Sun’s Place that Day. 

1 PROB, VIL. How to place the Index of the Hour Circle for any Day in 
the Year. 

The Place of the Sun found (as in the laft Propo/ition) you muft find 
that Degree on the Ecliptick Line of the Globe, and bring that Degree 
to the Brazen Meridian; then ftaying the Globe there, turn about the 
Index of the Hour Circle till it points jut upon the upper Line of XIL 
inthe Hour Circle, which being done, the Hour Circle is rectified for 
} that Day. 

PROB. VIII. To find the Time of the Sun’s Rifing and Setting. 
'The Hour Circle being rectified, and the Globe fet to the Latitude, 
|) then turn the Globe about till the Degree of the Ecliptick in which the 
Sun is, cut the Eaft Side of the Horizon ; and then cafting yourEyeup- 
ees OM: 
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on the Hour Circle, the Index will thew you the Time of the Sun’s 
Rifing. And the Globebeing turned about till the Degree of the Sun | 
cut the Weft Side of the Horizon, the Index will fhew you the Time 
of the Sun’s Setting. oe : 
Ex, Let it be required to find the Sun’sRifing and Setting the 5th Day 
of May, in the Latitude of London, the Sun beirg thenin 25° of Taurus, 
Firit, Find the 25th deg. of fauras in the Ecliptick Lice, which be- 
ing turned tothe Haft part ofthe Horizon, you wiil find the Index point 
to a quarter after four of the Clock; the fame point of the Ecliptick | 
being turned to the Weft part of the Horizon, will find the Hour Ine | 
dex point to 3 quarters pait 7, the Time of Sun-fetting. 1h 
Having the Time of the Sun’s Rifing and Setting, you may find | 
the Length.of the Day and Night; for the “lime of the Sun’s Rifing | 
being doubled, gives the Length of the Night, and the Time of Sun= |, 
fetting doubled, the Length of the Day. | me || 
Example. The fifth of May, the Sun rifeth a quarter paft 4 of the 
Clock, which being doubled, is 8 Hours and a half, the Length of | 
the Night; and the Sun-fetting, which is at 7 a~Clock and 3 quarters, — 
being doubled, is 15 Hours 1 halt, the Length of the Day. : i 


PROB. IX. Io find the Sun’s Amplitude. +. | 

The Amplitude of the Sun is an Arch intercepted between the Haft or , 
Weft pointe,and that part of the Horizon where the Sun rifeth orfetteth, 
The finding the Amplitude differeth little from the laft Propofition: 
for having brought the Degree of the. Sun’s Place to the Horizon, you” 
count how many Degrees of the Horizon are intercepted between the , 
Fatt or Weft point, and.that part of the Horizon where the Sun either , 
rifeth or fetteth. . | Aa 
Example, The fifth of May, I defire to know the Sun’s Amplitude im; 
the Latitude of London ; therefore bring the Place of the Sun that Day 
to the Horizon, and you find 31° { intercepted between the Point-ofthe . 
Horizon, and the Eait point, which is the Sun’s Amplitude Northerly. , 


P ROB. X. How to find the Sun's Declination any Day of the Year.) 
The Declination of the Sun is an Arch of'the Meridian, intercepted 
between the Sun’s Place and the E.quinoctial; to find which, you muft . 
bring the degree in which the Sun ts, to the Brazen Meridian, and there , 
ftay it, and count.how many Degrees of the Meridian are contained bee , 
tween the Equinogtial and the Sun’s Place, and that isthe Declination. 
Example. Lwould know what Declination the Sun’s hath the-fifth of 
May, the Sun being 25° in Taurus, which being brought to the ae r 


si 
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‘dian, you will fini 19° intercepted between that Point and the Equi- 
nottial on the Brazen Meridian, which is the Declination required, 


P RO B, KL. To find the Meridian Altitude of the Sun any Day of the Year. 


| The Meridian Altitude of the Sun is an Arch of the Meridian, inter- 
cepted between the Horizon, and the Degree in which the Sunis, ‘Vo 
perform which, turn the Globe about till the Degree of the Sun be juft 
Junder the Brafs Meridian: Then ftaying the Globe there, count how: 
Jmany Degrees are contained between the Place of the Sun under the 
I Meridian and the Horizon; and that is the Meridian Attitude, 
Example. On the fifth ot May itis requircd to find the Meridian Al- 
Btitude of the Sun that Day in the Latitude of Londow , the Sun’s Place. 
in the Ecliptick is 25° in Taurus theretore bring that Degree under. 
the Brafs Meridian, and you will find 57° and a halito be intercepted 
upon the Brafs Meridian, between the flace of the Sun and the Ho-- 
rizon; that is the Meridian Altitude of the Sun that Day, 


eee 


PROB. XII. How to know what Altitude the Sun feall have. any: 
| _—- Hour of the Day, on any Day of the Year. 


- Having found the Sun’s Place, and rectified the Globe to the Lati-- 
tude, and the Index of the Hour Circle for the Day propoted, turn. 
the Globe about till the Index. of the Hour Circle be juft upon the. 
VTime when you fhould know the Altitude ;.then ftaying the Body of 
‘the Globe here, bring the Quadrant of Altitude, being {crued on the: 
Lenith, and lay it over the Sun’s Place: “Then the Number of Degrees: 
contained betwixt the Horizon.and the Sun’s Flace, counted on the. 
Quadrant of Altitude, is the Altitude of the Sun at that Hour.. 
"Example, Let the Time given be the tenth Day of April, in the Lae 
titude of London, at which Vime (by the fixth Propofition) I find that 
the Sun is in the beginning of Taurus, and 4 would know: what Alt: 
tude the. Sun will have at Nine of the Clock.in the Morning. The In- 
dew of the Hour Circle being reétified tor. that Day, turn the Body of - 
the Globe about till the Index. of the Hour Circle lies juft upon bine) 
of the Clock; then ftaying the Globe there, lay the Quadrant of Alti- 
tude on the Sun’s Place, and the Number of Degrees ‘between the Ho- 
rizon and the Sun’s Place (counted upon the Quadrant of Altitude) 
is the Height of the Sun, which here I find to be 36° at that ‘Time, , 
or at three in the Afternoon; for the Sun hath the fame Altitude 
(nearly) at 9, 8, 7, 6, &8¢. in the Morning, as it hath at 3, 4, 5,0. &e.. . 


)jin the Evening. © Boe. | 
: | ; PROB... 
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PROB. XIII. How to find the Hour of the Day by the Globe. 


This Propofition cannot be performed conveniently by the Globe} 
only, but the Altitude of the Suo muft be firft taken by fome Inftru-} 
ment, and then this is but the Converfe of the former Propofition,} 
which it performs thus: The Globe being fet to the Latitude, and} 
the Index of the Hour Circle rectified, turn the Globe about -till the}: 
Degree of the Sun’s Place meet with the Altitude, taken by the Inftru-) 
ment upon the Quadrant of Altitude, and then will the Index on the} 
Hour Gitele fhew you the Hour of the Day: Do the like by a Star to) 
find the Hour of the Night. - | 


PROB. XIV. Jo find both the Right and Oblique Afcenfion, and Oblique) 
Defcenfion of the Sun. | 

The Globe being fet to your Latitude, bring the Degree of the Sun) 
to the Brazen Meridian; there ftaying it, fee what Degree of the Egai-| 
nodial is cut by the faid Brazen Meridian, and that is the Right Afcen-) 
fion of the Sun that Day. So the Sun being in the beginning of Zaurus,) 
his Right Afcenfion will be found to be about 28° ; and bringing the! 
Sun’s Place to the Fiaft Part of the Horizon, in the Latitude of London, 
the Horizon will cut the Equino@ial in 13°4, which is the Oblique Af-" 
cenfion, and bringing the Sun’s Place to the Weft Part of the Horizon, ' 
the Horizon will cut the Equinoétial in 42 4, the Oblique Defcenfion, | 
PROB. XV. To find the Meridian Altitude of a Star, or the Altitude. 
of a Star at any Time. . i 

"To find the Meridian Altitude, let the Globe be fet to your Lati- | 
tude, and then turn the Body of the Globe about, till the Star be un-) 
der the Brazen Meridian, and then the Number of Degrees of the Meri- | 
‘dian intercepted between the Star and the North or South part of the. 
Horizon,according as the Starisfituated,isthe Meridian Altitude thereof. | 
Now to find the Altitude at any other Hour, turn about the Globe till 
the Index of the Hour Circle be at the Hour you would know the Alti-: 
tude of the Star (the Index of the Hour Circle being firft rectified to the, 
Sun’s Place) and then apply the Quadrant of Altitude to the Star, and the | 
Degree ofthe Quadrant cut by the Star, is the Altitude atthat Time, 
PROB. XVI. To kvow at any Time of the Day or Night, what Stars: 
: be above the Horizon, ! 

This is no other than to place the Globe in a true Pofition at that’ 
Time ; which is eafily performed by turning the Globe (the Index firft | 
rectified to the Sun’s Place) till the Hour Index point to the Hour of ' 
the Day or Night; and ftaying the Globe there, you will fee all the) 
Stars that are above the Horizon at that ‘Time. 4 
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PROB. CVI. How to know the Rifing, Culminating, and Setting of 
|| any fixed Star; alfo what Part of the Horizon he rifeth and fetteth in, 
| Having rectified the Index of the Hour-circle, and placed the Globe 
' according to the Latitude, then bring the Star, whofe Rifing, Cule 
"minating or Setting you defire, tothe Eaft-fide of the Horizon ; then 
} will the Index.of the Hour-circle thew you the time of his rifing ; 
' then bring the fame Star under the brazen Meridian, and there flaying 
b ithe Globe, the Index will thew you at what Hour the faid Star comesta 
che Meridian; Lafily, bring the fame Star to the Weftern Part of the 
| Horizon, and thenthe Index of the Hour-circle will fhew you at what 
})Hour the faid: Star fetteth, and by the Horizon you may know the 
) Amplitude, as of the Sun, 


’ 


SECT. VII. Of the Properties of the Loaditone, 


| The Magnet or Loadfione (though feemingly mean and contempti- 
ile, yet) tor its wonderful fecret Properties, and for its real Ufetul- 
leis to Mankind, and the great Improvements that have been made 
| )n Navigation by the Heip thereof, may juitly be admired amongit 
“jhe choiceft Miracles of Nature; and valued above all the Gems and 
| orecious Stones in the fpacious Univerfe. : ‘ 
Thete Stones as they are found in divers Parts of the World, and 
“jre of different Colour, Weight, and Force; fo they have different 
Pegrees of Attractive and Directive Power and Virtue; but diférnot 
i Property, for-they all have the fame Direction, but fome more weak, 
| jad fome more vigorous and ftrong, amongit the reft thofe that are 
| yund about Ching and Bengal in the Haft Indies are reckoned the be{t,: 
) jut there are others alfo found in Arabia, {ome at Porto Feraroin the 
| evant; fome are alfo found in High-Germany, Norway, Spain, and 
| jobemia; and fome in the Weft of England, and moft commonly ia 
| yon Mines, being by fome fuppofed to be of the Iron Oar, or to par- 
| cipate of the very Nature of Iron it felf } as appears by its Sympathe- 
| °K Affe@tion to [ron or Steel in drawing it to it felf as foon as it 
ymes within the Orb of its Attra@ion 3 for if you apply a piece of 
| (on tocither of the Poles, it will there hold it, and at the Diftance 
‘aw a {mall piece of Iron with more or lefs Vigour, according to the 
_yength of the Stone, which may be artificially augmented by capping 
ch Pole of the Stone with a {mooth and bright piece of Iron or Steel, 
towhich, as into a Center; the Virtue of each Pole (which before 
| 's ditfufed) will be contracted and united, and thereby the fame 
one rendered more vigorous and powertul, ; of 


The Virtue of the Loadftone. : 
Of the Sy mpathetical and Antipathetical Property of the Loadftone. 
When a Needle is touched upon a Loadftone, the North and South 
ends of this Needle will apply themfelves refpectively to thofe Pores | 
trom whence they received their Magnetical Life, to wit, the N. end ' 
of the Needle to the North-end of the Stone, which denotes theirmu- | 
tual Sympathy; but putting the N. end of the Stone to the S. end | 
of the Needle, when it is upon a Pin, the §. end of the Needle wilt, | 
immediately fly away; and if you put the S. end of the Stone to the . 
North-end of the Needle, it will alfo difcover its Antipathetical Na. ° 
ture and fly away from it. 4 
But a contrary Operation there is yet in the two Needles to that of 
the Loaditone; for if one of the Needles be hung upon a Pin, thar 
you apply the N. end of the Needle tothe North-end of that upon, ° 
the Pin, ic thall immediately fly aways which denoteth a contrary. " 
Operation in the Needle to that of the Loadftone, and the S. end of: ° 
one will immediately come tothe N end of the other. el 
The fame Property of Sympathetical Coition, and Antipathetical 
Repuliion, is alfo difcovered by two Load{ftones, floating in two little: ‘ 
Boats in a great Bafon of Water, the two Poles of either Stone being® | 
difpofed Parallel tothe plain of the Horizon, and if you put both -the! 
S. Poles together, they fhall avoid the Contract.of one another by a natuet : 
ral Antipathy,. but ifthe N, Pole of the one be directed to the S. Poles - 
of the other, they will immediately manifeft their natural Sympathy? , 
one to another, and will cleave together by.a ftrong Attraction. f 
If a Loadiftone be confufedly broken into many~Pieces, each of the* 
Pieces fhall be an entire Loadftone, having both its Poles dittin@ly of | 
it felf, with all the other Properties that were in the Stone before it: ; 
was broken, . : i : 
But if Loadftone be divided in the midft between the two Poles, in > 
the E.quinoctial, then it isabfolutely two entire Loadftones; and thofe = 
Parts which were the Exquinoctials before are now become two Poles 
and the two Poles that were Poles before, docontinue the fame. . 
But if a Stone be cut Meridionally quite thro’ the two Poles, fo that i 
one Axis is now converted into two; itis alfo become two entire Load-= - q 
itones; the Axis of either of them will retire into the Gravity of either: 
Piece, and if you join: thefe two Pieces together again, the two Axis . | 
will again become one,, which 1s moft admirable to behold. 4 
But if you cut off a piece of the Stone at the very Pole, in a parallel: ° 
Section, the Virtue of that Piece will immediately retire: from-it unto —_ 
the main Stone, and will {carcély have any Virtue at-all therein; but ape 
plying this {mail Piece that was cut off to the fame Place again, 
Stone will forthwith impart the fame Virtue as was before, inte ti 
Picec fo cut eff, fo longas it doth abide in that Place. ‘a 


i. 
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__ Or, Ifyou apply a weak Stone to the Poles of a ftrong one, the ftrong 
‘Stone wili impart of its Virtue to the weak Stone, making it to be as 
ftrong asit felf, but when this weak Magnet deferts this ncighbourly 
-Propinquity, the ftrong Magnet will draw its Virtue to it felf again, 
and will truft it no tarther than the Power of its Recal. 
tir. To find the Poles of a Stone. 
| fase are feveral Ways for the performance of this Experiment. 
he Firft you may have a thin piece of Steel about an Inch in Length, 
>and hajt an Inch broad, which being bent circular and laid on the Stone, - 
} will immediately lie parallel tothe axis of the Stone, and direct which 
way the Poles‘do lie. Which being difcovered near where they lic, you 
may find them more exactly by a fmall Piece of fewing Needle, which 
being laid on the Stone, if it be near either of the Poles, will elevate 
one End thereof; then move it farther and farther, till ic doth erect 
) it felf Perpendicular, and that very Point will be the Pole of the Stone. 

Now to know which Pole it is, you may apply a finall Necdle of a 

Dial to it, andifthe Pole draw the North-end ot the Needle, then is 

that the North Pole of the Stone: and the contrary. 
)  Orotherwife you may find the Pole by a fewing Necdle and Thread, 
by hanging it over the Stone where you fuppofe the Pole to be, and 
Keep it a little fhort from the Stone, and the End of the Needle will 
directly point to the Pole of the Stone. 
| To infufe Magnetical Virtue into a Needle, without the help of a Loaditone. 
Tie being a Mineral of the Earth, and having a Sympathetical Qua- 
| lity with the Lozd/ione, acquiring this Verticity from the Magnetifm 
) ofthe Farth, being difperfed according to the various Pofitions there- 
} of; for all Iron, whofe Pofition is parallel to the 4xis of the World, or 
) if it be perpendicular to the Horizon, the upper Part thereof fhall have 

NN. and the lower Part S, Virtue; as Bars in Windows, Cafements, 
Tongs, and Fire Forks, and all fuch Things, which Virtue they ac- 
} quire in a very little time, as I experienced by a Fire-Fork, which with- 
} into daysafter it was firft made, (being kept in a perpendicular Pofture) 
its upper End did very fenfibly draw the N. point.of the Compafs, 
and the lower End the S. point; but the longer any fuch piece of Iron 
continues in that Pofition, the ftronger Virtue it doth contract; fo that 
once made an Experiment upon a fmooth Piece of Iron, which had 
for feveral Years been in a perpendicular Pofture, and I filed the upper 

End thereof bright, and touched a fmall new Needle thereon, the 9. 

end I touched upon the North or upper part of the Iron, and the N. 
end upon the S. or lower end; and I found the Needle to play tndil- 
ferently weil, and to conform it felf to the Magnetical Meridian? _ 


| Eere Jolloweth feveral neceffary TABLES, with their Ufe aud Appli= 
to cation in the Art of Navigation A 
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“(on ATable of the Moon's Age for the Tear 1757 


Months. 


Full moon 
Nat quart. 
= )New moon 
_ Firft quart. 


5 


niwary 


Ya 


Full moon 
Saft quart. 
New moon 


© Pirft quart. 


bebruary. 


Full moon 
Laft quart. 
New moon 


Pirft quart. 


March 


Full moon 


DAs 


04106 A 
Hr2to3 A 
'r9jo8 A 
azo A 


04104 M 
1 1jo2M 
18 a9 4K 
26j02 A 


05103 A 
E2102 A 


'2clo8 MI ’ 


.28103M 


o4jo1M 
Eilo2M 
1 9Qlo1M 


.» 26J02 A 


Pull moon 
Laft quart. 
New moon 
¢ Firft quart. 


¢ Full moon 
S )Latt quare. | 
New moon 

(Firt quart. 


HE 


oF 


— 


SS 


05;09M 
1003 A 
'1§j04 A 
25110 A 


o1jo6 A 
o9j02M 
17105M. 
I24io5M 
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Months 


Full moon 

2 \Laf quart. 
~S New moon 
Firft quart. 
Full Moon 


s 


_¢ Laft quart. 
A Ne? moon 
mek quart. 


Full moon > 


August 


¢ Laft quart. 
Dp moon 
Firft quart. 


3 


September 


( Full moon 


Laft quart. 
New moon 
Pirft quart. 
Full Moon 
i Laft quart. 
iNew moon 
\Firft quart. 
= (Full moon 


N 


§ ( Laft quart. 
‘New moon 
S \Firft quart. 
Q° Full moon 


embe 


The Year 1737 hath four Hclipfes, two of the Sun, and two | 
of the Moon. | a 

The firft will be of the Sun, February the 18th, vifible 11 Digits, 

‘The Second will be of the Moon, March 15th, invilibles 

The third will be of the Sun, Auguf sth, Morning. invifible. 

The fourth will be of the Moon, dug. 29th, Morning, vifible 5 Digits. 
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_ |Months. 


New moon 


Ny Laft quart. 


Full moon 
C Latt quart. 


3 vere “Se 


Firft quart. 
Full moon 


Febr. 


| 


Firft quart. | 


¢ Latt quart. 


New moon 


Mas ch 


S Full moon 
Lait quart. 


¢ New mocn © 


Firft quart. 
5. Full moon 
¢Laft quart. 


< Firft quart. - 


. New moon 


= jFirft quart, 
S <P ull moon 
¢ Laft quart, 


3 


¥ New moon 

& }Firft quart.. 
a Full moon 
poet quart. : 


SF moon 0% 


27 10 aed 


OGober 


proert  rmn  nn  R 


Menthe) ot 


2651 
D{H. 


: a =" “ ae oe 


New-moon 
3 yen quart. 
oN Full moon 


{Lat quart. 


& New moon 


ew 


Full nose 
chee quart. 


Firft quart. 
Full moon 


( Latt quart. 


Tobia moon 


September 


New moon 


Full moon 


Firft quart. 
Full moon 
Latt quart. 
New moon 


a irft quart. 


~ November 


ecember 


Full moon 
Laft quart. 
a 5 (New. New moon_ 


The Year 1738 hath Two Eclipfes, both Solar. 


The firft be on February the 7th, invifible, 
The fecond will be-4ugu/t 4th, vifible 4 Digits. 
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Pirft quart, — 


Taft quart. 
New moon | 
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TOG" i Table of The Moon 5 Age | tor the Tear 1739. 
Months. DAH (Months, 


| 


Yanuary 


Full moon * tS) Full moon 


Laft quart. 1A eh, ) Laft quart. 
2 New moon (28105 _ (New moon 


Firt quart, ‘04 ‘Sra quart. 
}Full moon Full moou 

< Skat quart, Laft quart. 
New moon XQ SDNew moon 
; | Pirft quart. 


>: irft quart. _ | Firft quart. 


Re es 


ee 


Firft quart. 
Full moon 
} Laft quart. | 
4 New moon | 


Full moon 
Laft quart. 
New moon 
Firft quart. 


eiearee 
September, 


Firft quart. 
Full moon 
~ )Laft quart. 

( New moon 


ril 


Laft quart. 


as 


Sp ull moon 


Ofober 


New moon 
> Fi irft quart, 


ye Gate quart, 
YFull moon 
= pLat quart. 

New moon 


Fall moon 

) Laft quart.” 
New moon 
Firft quart. 


November 


Firft quart. 
Full moon | Full moon 
em, )Laft quart. 17| S SLat quart, 
(New moon | : = }New moon 


The Year 1739 bath five Eclipfes, three of the Sun, and two 
of the Moon. 
The Firft will be of the Moon, Fan. 13th, vifible § Digits, 
The Second will be of the Sun, Faz. 27th, invifible, . 
The Third will be of the Moon, July gth, invifible, . 
The Fourth will be of the Sun, Fuly 29th, vifible 7 Digits. 
The Fifth will be of the Sun, vilible on the 19th of Der. 49 min. paft 8 as 
the Morning, 2 _2 Digits eclipfed on the upper Side, . | 
* ; 
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Laft quart. 
1 ‘New moon 
/Firft quart. 


SL ull moon 


Full moon 
Laft quar. 
New moon 
CFirft quart. 


“February 


Full moon - 
Laft quar. 
New moon 


Firft quar.. 


Full moon. 
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~ March 


April 


Pirft quart 
Full Moon 


| ¢ Latt quar... 
Mo | New moon 
|= ) Firft quar. 
ij €Fuli moon 
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& New moon 
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ull moon 


New moon: 


| 
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} 
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30104 Al. 
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| 
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21\06M 
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Months. 


207) 
DL, 


, 


ee eee 


Laft quar. 
= ) New moon 
= Ne quar. 

Full moon 

‘Lat quar. 
> fee ibe 
© \Firtt quar. 

£ Fall moon 


(Laft quar. 

—)New moon 
Pirft quar. 
Full moon 


7 Lait quar. 
New moon 
Firft quar. 


September 
MASI 


Odober 


Laft quar. - 


New moon 
Firft quar. 
Full moon 
Lait quart. 


3 
~~ 
%S 
S 


Full moon - 


03;01M. 
Sala 
20/0 A 
2705 A 


03,09M 
11/08 M 
19 08M 


2,5n00n 


Onog A 
9 mid. 
17,06 A 
14'00M 


selon 
09.05 AL 
17:03 M 
23'07 A 
3008M). 


o8'o8 M 
r5|11 Mi. 
22108 Mi}. 


130l05M. 


7 A 
14\07 At 
2.timid. 


~130)04M. - 


There will be fix Eclipfes this Year, Three of each Luminary. 
_'The Firft will be of the Moon, an. 2. vifible and tetal. ; 
The Second will be of the Sun, Yan. 17, invifible. 


-'The Third is of the Sun, Fune 1 


_ The Fourth is of the Moon, Zune 28, invifible. 
| ‘The Fifth is of the Sun, Decembcr 7, invifible. 
The Sixth is of the Moon December 21, vifible. ape 
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New moon 
SE quart. 
Full moon 
"CL Laft quart. 
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‘ New moon 
\E irft quart. 
Full moon 
{ Laft quart, 


Febraary 


New moon 
Pirft quart. 
Full moon 
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( New moon 
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: New moon 
. Firft quart, 
Full moon 


‘ Laft quart. 


New moon 
Firft quart. 
Full moon 
Laft quart, 
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13|0.4M 
20\06 A 
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127 }02 A 
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1}06 M 
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eptember 


New moon. 
Firft quart. 
Full moon 
' Laft quart. 
New moon 


¢ Firft quart. 
Full moou 
Laft quart. 
New moon 


Firtt quart, 
Full moon | 
Laft quart. 
New moon 


Firtt quart. 
JF ull moon 
\Laft quart. 

New moon 


: Firt quart.. 
Full moon. 
Laft quart,, 
New moon 


Pirft quart. 


Full moon 


Laft quart. 


\ New moon 


There will be two Eciipfes this Year, both ofthe Sun, 
The firft will be on une 2, vifible, 
The fecond will be November 27, invifible. 
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i a, Firft quar. 
Full moon 


Laft quar. 


oaltt A 
Ogio A 
17/08 A 


ney 


Full moon 
> JLaft quar. 
ay, )New moon 


Fanua 


| |) CNew moon: j2s/noon (Firft quar. 
© Firft quar. jorjo8M ss (Full moon 
S ‘Full moon lo8lo2 A S; )Laft quar. 
is Gs quar, |16logA = New moon 
(New moon |a3ir2 A Firft quar. 


“|e )Firft quar. joajog A $ ( Full moon 
@\ Full moon ficlosM = )Laft quar. 
‘\S( Laft quar. l18i05M = )New moon 
= 5 ey 
~)New moon |2509M S (Firft quar. 
Firft quar. jorlorM ~ (Full moon 
-|m \Pull moon jo8ii1 A S )Laft quar. 
|S £Laft quar. |16/i1 A & \New Moon 
|) S$) New moon 2505 A > (Firft quar. 
| (Pirft quart. }30)11 M . 
Wie Full moon 
| ¢Fullmoon |[o8io3A S \ Laft quar. 
|= )Laft quar. |[16)10M S ¢ New moon 
iS )New moon |23/61M 8 )Firft quar. 
| ‘Firft quar. [30lo1M <( Full moon 
‘| <Fullmoon, [706M s ( Laft quar. 
§ Laft quar. |i4io6 A S JNew moen 
* a )New moon |21108M S )Firft quar. |23|06 Al 
|_(Pirftquar. |28!04 A DFull moon 430]10M 


Four Eclipfes this Year, two of each Luminary, 


The Firft is of the Moon, May the 8th, invifible, 
j The Second is of the Sun, May the 22d, invifible, 
| The Third is of the Moon, November the 1f, invifible. 
1 The Fourth is of the Sun, November the 16th, invifible. 


Dd 


a -~2TO | : . ~The Tide-Table. ; a — 


i iat ii ne 
pila lees , 
Ae oe le 


ATide Table for the Sea-Coaft of Great-Britain, Ireland, Nor. . 
way, Holland, Flanders, France, Bifcay, 6c. Shewing what | 
Moon makes full Sea, upon the Full and Change-days, at 
the Places following, in an Alphabetical Order. 

; H1M, Without Calice, at Corpus Chri.\H..M 
A j Point, before and at Camfer,) | 

At Army, NNE. aad SSW,lo1jo3|NNE and SSW. 

At Amfterdam and Armen- Between Calice and Dover, be- 
xiers, NE, and SW.— o3loolfore Conguet, and at the N. Cape, 
At Abarwick, ENE. and NE andSw.-——— 

Wsw. —_—-- o4lg0| At Cork, Calice, Cape Clear, and|~ | 
At Abermorick,and Antwerp, in the Creek, ENE and WSW.—\|o4 30 

Eaftand Wett. ———'06'00| At Caldy, and in the Bay of i} 
At Alborough, SE by S. and Carnarvan, Eby N and W by S.Jog 15 


— 


= 


NW by N. - am ——— 09145} At Concalo bE and W.——- 
: Without the Caskets, in the 
B Channel SE by E and NW by P 
At Beachy and Blacktail, and Wow : 
before the Race of Blanquet, N. Between Guernyey and ‘the Ca/- 
and S.— 1200 kets, before Cromer, before the 


Thwart of Beachyin theOffing| | Caskets and Guernfey, at Seven 
N by Eand S$ by W.————=12,45 |Clifts, and at Carnes, SE anc 

At Blacknefs in Bluet, and NW. 
Bell. Ife, NNE. andSSW. ~— 0130] At the Caskets, and at Cham-\.| | 

Without Bluer, and at Ber, bernefs, SE by S and NW by N.—-|o9 45] 
wick, NE by N. and SW by 8.0215) At Cows, in the Fe/s of Caen, | 

~The River of Bordeaux, the in Calice Road, and in Chamber. 
South Coaft of Britaigne, the efi Road, SSE and NNW.— Loge 
Coat of Bi/eay, and at Bockne/s, Before the Haven of Caen, in} |: | 
NE and SW. ~~~ ———-————03/09 the Chamber, between the Cripple- | 
At Bref, before the Ba/i,theRi-| | |/and and the Crey/, and at Culbot) | | 
ver ofBordeaux within the Ha- S by Eand North by Weft. ——[r415 
ven,NE by E. and SW by W.03/45 

Inthe Breefoand, Bloy,Back-| ‘jae 6 
more, ENE and WSW. — 04/30, At Dover Peer, ‘and before 

“Before Bremen, and at Black-| | \Dunkirk, North and South——— 
ney, andin the Channel before At Denbeigh and Dowzs in the | 
Bordeaux, Eaft and Weft. --—06\00. Road, NE by N and SW by S.—}92 rst 


At Briffol Key, E by S. and, ~ At Dort, NE and SW.———}03 00 
Dy aici e ta oolar| At Duagervan, ENE and Wi | © 
_ At Bridgwater, ESE. and SW vulsns oat tae 
WNW.—— ——— ———— 0739] At Dartmouth, Eaftand Welt.— 
_ Bulleyn Ee and NNW.'10/30, At Dublin, SE by E. andNW 
by) Was em 


In the Condado, N and S.~|r2\00| © At Dunbar, SE and NW. ——|09 00 
_. Inthe Chamber of Rye, N At Dungene/s and Dunnofe, SE} 
Faft, and: $ by W. venoms [2 45 by S and NW by N,. | Re = 
gato GL suit N : ‘ith ey ig sila "Oar NE ORM TNE ee ae NE ee iis Peed Ne aba Deicke 


AP aks 


i ag 
YW cat WY 


At Posten Diep, and in the 
4 Le a fhoar, SSE. and N 
Se ia 3d 


At Emden, before the Eloe; . 
- before the Fyder, and before 
- Enchufaz, N and 8, -— ——|!2,00 
At Edam, NNE. and SSW.04'30 
Before the Eaftern and We. 
| ftern Emes, and at Engmonds, 
SE and athe 

On the Coaft of FlanJers, 
North and South — ~— 

At Flujbing, N. by E. and 
8. by W. 

Before the Fen, in the Chan- 
} nel NNE and SS W. 
Without Fountney, NE by N 
and SW by S.— 
| Withon. the Banks of F/an- 
E., NE and SW. 
) At Flemboroughand Bridling- 
) ton, E NE. and WSW. 
j At the Forn,in Foy, at Fa/- 
| mouth, E by N and W by S.ps 
} Between Poy and Falmoith,in 
_ the Channel, and at Foulne/i, E 
by S. and W by N.— a 
| _ Before the Coatt of Frizeland 
and the Fly, ESE, and WN 
|w 


12\00 


45 


ete) 


— 


30 


I 


45 


: ee es 30 

; Without the Fly, SE by E 

 andNW by W. 

_ At Frigeand Fair Ifles, NW 
Pe SE: 

) . Inthe Firth, and atthe South 

Forctand, SSE Sad NNW.——|ro, 
In Fair Ifle Roads ,and at the 
orth Foreland, South by Eaft, 
{ind North by Weft.— --—— 

G 


Ts 


ete) 


30 


TS 


In the Road of Gibralter, at 
| ie and before Cherbure 1 
fe) 


' 


are atid, South. .'——- 5 [5 2 


| Before Goree, at Guern/ey,and 
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H |Mijat: Slag NNE and SS. H|M 
Ww. 
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At Groy, at Ga/coign, andthe . 
Coaft. of Galicia, N. Eaft and 
SW, ee ‘ —03 00 

Between Guernfey and Ca/- 
kets, SE. and NW. 

Thwart of Guernfey, in ie 
Channel, S E. by S. and N W, 
by N 

In the Chamber and Goree-end 
S by E and N by. W. 

H 


Pe 


ey ren 


Narn camer nin 


ree 


Before the Hever,before Horn, 
and at Hompton Key, N.and &. 
Under Holy Iffand, and at Horn 
NNE. and SSW ———  —~ 'o; 

Before Hartlepool, N Eand 
SW. —— 03/00 

At Huntelyf fast, N Eby E. | 
and SW by W. —— 03145 

At jap ars E by N.&W byS oslig 

Before Hamborough, at Hui/,| 
at the Holms, and hefate Hum. 
ber Mouth, E and .W. i—etiven OGloo| 

At Harlem, Havre de Grace,| | 
and Home-head, SEand N W. oojoo) 

At St. Hellens,at Harwich, | 
and without the Banks of Har- 
wich, SSE and NNW. —-—— 

At Harwich within, S. by E 
and North by pe — 


Ce eee a 


1030: 
‘II 15 


Sutland ae N and S.— 12/00) 
On the Weft Coaft of Ireland, 
NE andS W. ~~ 103100 
In all the Havens on the S. 
Coatt of Ireland, E by N. and 
WwW by S. pereerae mon 15 
_Kentifh Knock, N and S ~—|f2\/00, 
At Kelliers, NE and SW -—03\oo! 
At Kingfale, ENE and W 
SW. Re. iu a O4log 
At KeauasESE and WNW. 07 30 
At Shc SE and NW. 09 00 
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att 


is The Tide-Table. — | 


L H.IM, Before the River of Nentz,,H.[M| | 
At Lieth, N and S. 12 20 [North Eaft and SW. 103190) 
At Lisbon, NE by N. and At Nevcafle, Batt by North 
SW byS. —— C2lt sland W. by S 
At London, N E, and SW. 03 00| BeforeSt. Nicholas, Eaft by 
Thwart of Londey,and before) S. and W. by N. | 
Lin, Eby N. and W by S.——(05|t5| At the Need/es, at the Tffe of | 
At Lin half Tide, at Londey,| | \Wigbt, SE by E.and NW byW. 
Eaft and Weft. _- - 06 20| All the Coaft of Normandy 
At Lin, E by Sand W by N.06/45|and Picardy, SSE. and NNW. 
At the Lizard by the Land, Between the Nage and Var- 
ESE. and WNW. — 0713°bead of Lower, South by Eaft - 
At Lumbay, S E.by E. and and N. by W. ——-——-—— 
NW by W. -——< —08 O 
At Leyfaff, and thwart of it At Orkze/s, NE. and SW. 
without the BanksSE by S.| At Orkney, SE. and NW. — 
and NW. by N. - ——0o/45| At Orfordne/s, SE. by S. and 
In Lefaff Road, and at Long- NW. by N. é 
fanl-head, SSE and NNW. — 10139 At Orfordne/s, without the’ 
M Bank, and between Orford and 
Within the Maes, at Maldan Orwell Waves, SSE. and N. 
Nby E. andS by W. 12145INW. — —, 
Before the Maes, NN E. and At Orfordne/s, within the 
sSW.—_- «> — -——- j01[3S ands, S by E. and N by W.—f5)5 | 
At the Maes, and before St.j | P. 
MatthewsPoint, NE. by E. and At Port/mouth Half-Tide, ’ 
SW.by W. -—--—  ---—— |03}45]North and South. ———— {2/00 
In Moufehole, at St. Matthews, At the Pens, Porthus, and | 
and within Mountsbay, ENE. Poidu, NE. and SW. 03{00 
and WSW. On the Coaft of Portugal, N.| | 
In Milford, at Moonle/s, at St. E by E. and SW by W. 03445) 
Matloes; E. by N. and W. by \ In Plymouth, and before St. i 
South. ——— os|t5|Pauls, E by N. and W by S.—j05]£5) 
Between Moufebole and Fal- At St. Pauls in the Haven} {| 
mouth, and in Milford-Haven, E and W. : 06}90 
’ ESE.and WN W.————-—07139, Before Podeffemsk, Eaft by 8) | 
In St. Magnes Sound, and at nd W. by N. . 00 
Maenes Caftle, SE by E. and -| Thwart of Plymouth, ESE) | 
NW by W. ~~ —lo8|r sland WNW. -—— 08 
At the Jfle of Man, SE. and Atthe Race of Portland, SE.) ¥ | 
NW.——- as oolooand NW. —~~-——--.-— ——-|09 00 
Before Margate, South by E. . Q Bi 
and North by Abe) rors} At Quinborough, N and S, 112.00) 
R 


At Newport Half-Tide, N. AtRochefer, N byE.and Sby W. 12 45 
and South. - —— ttloo| AtRamkins, NNE. andSSW.o1 39 

AttheWeft-.end of theNower, At Rotterdam,in Robin-Hood’s | — 
N, by Ee and S by W elt anesemeem Ve 45 g Bayi 3 
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i iy. and from the Race to thel H M U HM 
_ Polebeud, NE. and SW. ——\03,00, Before Ureck, N and S. 1200 
At Rowen, and before Roche/, At Ufe, NE and SW. 0300 
h NE by E. and SW by W.——/03/45; Between U/hant, and the 
E In Ram/ey, E by N & W by Si05)15\Main, NE by E.and SW by W. 03. AS 
Ss In the Vourd, at the Bay,| 
| In the S/eve, between Ufhant within Ufbant, EN E. and 
and Scilly, at the Shoe, at the WSW. | 
Spits, at South-Hampton, and a- Without U/bant, E and W.900o0 
long the Swin, N and S. 12,00} St. Vallery, SSE. & NNW 1030 
Upon the Coaft of Spain, and Ww. | | 
in Shetland, NE and SW. 03 OO0|At Winchel/ey, N byE &S by W. £2 45! 
At Scilly,in theSound, Scarburgh At the Weilings, and from the 
&at Staples NEbyE& SWby W/03/45|W.end of the Wight, NNE and 
erat 7 Les, without the Ha- SSW. OL 
ven, inthe broad Sound, ENE Before the Wesinee NE by| f+] 
and WswW. 04130.N. and SW by S. ee 
- Atthemouthof Severmbetween AtWhithy NEand SW. 
‘Scilly & theLizard, at the Spura In the Sea of Wales sal 
-& Stockton, Eby Nand W byS.°5|'5 Severn, NNE and WSW. 
| - Without Sci//y, in the Chan-' In Wales, Eby N and WbyS.°5 15, 
nel, and at Sa/comb, E and W.9900) At Wells, at Weymouth, and| 
At Sedmouth, andat the Start, at Waterford, Eand W 
E by S and Ww by N. 6145! At Weymouth Key, E by Bris | 
Off the Start in the Channel, and W by N.— 06.4 
ESE and WNW. 07/39] Atthe Ne/s, by Wieringhen, | 
_ Within the Sey, and before at Winterton, ESE.and WNW. °7 30) 
| Shelbergh,&at7Clifts, SEXNW.99/0°| Thwart of the Ifle of Wight, | 
_ AtShoram, SE by S& NWbyN.|°9/45 in the Channel, all within the’ 
At Seyn bead, SSE & NNW.|!9139 Ife of Wight, between the Ife us 
& t T Wight and Beaehy, by the fhore, 
pay Within Tervere,N. by E. and SE by E. and NW by W. ——08 15) 
' 8. by W. - ——j12|45| Atthe E. endofthe /Vight, and) | 
| Before Tervere, before the on Wieringhen Flats, SE & NW. 09 oo). 
| River of Thames, and at Tin- Y 


( 


> mouth, NNE, and SSW. 01130} Before Yarmouth, NNE, and | 
Before the Tees and Tinmouth, SSW. lor 30h. 

| before the Bay of Timouth, At YX ug ball, ENE, and W. | 
NE. and.Sw. 03j00 SW. —— 0430): 

At the Clifts of the Texel At Yarmouth, SE by E. and | 

_ ENE. and WSW. O4;301NW by W. o8tts: 

4 In Torbay, and before the InYarmouth Road, inYarmouth : 
_ Texel, E. and W. odj00|/Hayen, SSE, and NNW, ——|1030 


| | In the Road of the Texe/, E Z 
SE. and WNW. 07/30; On the Coaft of Zealand, 
| At Tergon, SE by S.and N NNE. and SS W.—_——- ———0 130 
W by Nene rename (09/45| Inthe Zerick fea, NE. & SW.|03/0 
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Magnitude of the Principal F 
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Names of the Stars. 
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> 0 LE Star 
Girdle of Andromeda 
Acarner, or laff in Eradanus ———— ee 


“iz nel 
ecm teh f OE A 


Bright Star of Aries) ~———— ——- 


Medufa’s Head ——~- 


Ei ammo (ccemons 


Bright fide of Per [ews ——~-——= ee em 
Brichte# of the feven Stars —= ———~ ——=— 
Allebaran, or Bull’s Eye —- ~—— ——— 
CEPI 5 OF SDP, GOI steerage socratme | merece a 
Prizht Foot of Orion —— 
Middle Starin Orion's Belt — -——- -———- 
Orion's Right Shoulder — = ———_ -—— — 
Aging s hight Shoulder os a ee ae 


Bright. Foot of Gemini 
Byiius, er epee Teal, D0e y abies nee en a 
Caftor, or Apollo 


ES eee SS 


Procyon, the Little Dg —— = 
Pollux, or Hercules — ——— 


Hydra’s Heart Lo eet ect a mes ee at 
Lyon’s Heart, or Bafilisk ——— ———--—_—-— 
The Lower of the Pointers 
The Upper of the Pointers 
Lyon’s Tail 
Upper of the laf in G of Great Bear 
Laff but two in the Great Bear's Tail ——-—— 
Virgin’s Spike 
L aft but one in the Great Bear's Tail — -—— 
Laff in the Great Bear’s Tait. oT 
Dragon's Tail -—-— —— | ee 
Vrards. eee — 
South Ballance -——-—— 
Foremoft Guard eet eae 
Brightef of the Crown ——_—— er 
Brighteft in the Serpent's Neck ———— ome 
Antares, the Scorpton's Heart ———— 
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Head: of Hercules tape as 


Opbincus, oeSerpenisaticad = a 
Lyra, or the Harp —— 


Seavieitire or: Lagles: Heart ce. "a oe 
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l= A Table of Fixed Stars. 

Hand of Antinous ————— - — 3190 K6a1 398 

Swan's Ti | mcm etme + tiene 2/20 30 44. os N. 

Mouth of Pegalus: at $$. —— ere 3/24 27108 19N 

Fomelbaut | oer ogtlgt 5! S 

Marchab, or Pegafus Wing 228) 28 N 

Scheat, or Pegafus Leg an eemeninenamennns| 2122 FOl26 ~5ON 

Cephus’s Knee - eo enn! 2123 20176 05 N 

Andromeda’s Head- ae 2123 §3l27 28N 

Ead of Pegafus Wing — — . 2|23 s7lr3 20N 
| The Explanation and Ufe of the TABLE of the Sun’s Right Afcenfion; and of 

the Table of the Star’s Right Afcenrfion and Declination. 
mine Table of the Sur’s Right Afcenfion, the firft Page contains the firft fix 
| Months ofthe Year; the next Page the other fix Months. At the Head of 
the Table are the Months; in the firft Column towards the Left Hand are the 
| Days of the Month, and in the oppofite Column is the Right Afcenfion in 
~ Hours and Minutes. 

In the Table of the Fixed Stars, there are four Columns ; in the firft towards 
the Left Hand are the Names of the Stars; the fecond the Stars Magnitude ; 
| in the third the Right Afcenfion in Hours and Minutes; inthe 4th their Dee 
' clination in Degrees and Minutes, N.or S. . 

Firft to find the Time of the Stars coming upon the Meridian. 
| The Rule. Look the Right Afcenfion of the Sun and Star, and fubtra@ the 
_ Right Afcenfion of the Sun from the RightA fcenfion of the Star, but if the Star’s 
| Right Afcenfion be lefs than the Sun’s add thereto 24 hours, and then fubtract ; 
the Remainder after Subtraction, is the Time of the Star’s coming upon the 
Meridian from Noon: But if the Remainder exceed 12 Hours, fubtra@ 12 

| Hours therefrom, and then the Remainder is the Time from Midnight. 
_ Example t. Suppofe the Time that Fomelbaut comes upon the Meridian on 
the roth of O¢fofer were required. 

_ I find in the Table the Star’s Right Afcenfion to be 22 hours 41 min. and the 
Sun's to be 13 hours 42 min. which fubtra¢ted from the Star’s Right Afcenfion, 
leaves 8 hours 59 min. the Time of the Star’s coming upon the Meridian, 
_ Afternoon. ee 

Secondly, "The Time being given, to find what Stzr will come to the Meri- 
dian about the fame time. nee 

The Rule. To the Sun’s Right Afcenfion, add the time from Noon, at which 

_ the Star’s coming to the Meridian is defired ; the Sum is the Right Afcenfion ‘ 
_ of the Star that will come to the Meridian at that Time; with which enter the 
Table of the Star’s Right Afcenfion and Declination, where look what Star's 
Right Afcenfion agrees with the Right Afcenfion before found, or neareft 
thereto, and that is the Star fought for. eae 

Example. Suppofe March the 27th, I defire to know what Star will come 
_ upon the Meridian about 8 at Night? | 
_ The Sun’s Right Afcenfion is 1 hour 4 minutes: the Time from Noon is 8 
hours, which added to the Sun’s Right Afcenfion, makes 0 hours 4 minutes: © 
_ the neareft in the Table is Hydra’s Heart, whofe Right Afcenfion is 9 hours 
_ 12 minutes, and therefore Souths at 8 hours 8 minutes, and fo in others. onde 
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A Table of the Variation of the Sun’s Declination to every 15 
Degrees of Longitude from the Meridian of London. 
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Degrees of Longitude from the Meridian of London, 
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_ -¥n each Page there are eleven Columns; The firft fheweth the Day 
of the Month, The fecond the Day of the Week, the third fome re- 


markable Days and Southing of feveral Stars at Midnight; as you will. 


find againit Apri/ the fourth, there ftands, The Laf in the Great Bear’s 
Tail, which thews that the faid Star comes to the Meridian the fourth 
of Aprifat Midnight; The fourth Column thews the Place of the Sun 
' for the firft Year after Leap-Year, as againft the faid fourth of April 


in the fourth Column, which is under firft Year, you find the Sun’s Place 


in VY 25° 25’. The fifth Column thews the Sun’s Dec. for the firft after 
Leap-year, fo on the aforefaid fourth of April under firft Year, and ©) 
Dec. you find the Sun’s Declination 9? 1’ North. After the fame man- 
ner underftand all the other Columns, where to avoid the trouble of 
Reckoning whether it be Firft, Second, Third, or Leap-year, you 
may find the Year at the top ofthe Table (under the Title of the Month) 
and under that againft the Day ef the Month you have the Sun’s Place 
and Declination till Avno 1748; thus }u/y 1, 1738 the Sun’s Place is. 
39° 40’ of Cancer, his Declination 22° 2’ North. 


' For the Declination of the Sun out of the Meridian of London, 


Annot737, April tt, at Six of the Clock Afternoon, I would know 
the Sun’s Declination. The rrth day at Noon, I find it in the Table 
12° 16’ North; and the r2th day 12° 36’;. therefore fubtraGiing the 
leffer Declination 12° £6’ out of the greater, 12° 36’ ;’the Refidue of 
20’ is the daily Increafe. ‘Then in the Table of Variation in Hours, 
€c. under 6 Hours or 90° in the Head, and againft 20’ on the Left- 
hand, I find sm. the proportional Part; which (becaufe the Hour was 
Afternoon, and Declination increafing) added to the fore-found 12° 
10’ the Sum is 12°22’ North, the Declination: But if it had been 6 
_ hours before Noon, viz. at 6 inthe Morning the proportional Part mutt 
have been fubtraGted, &c. 


Here follows. 


! A Ta 2 LE of Difference of Latitude 


- and Departure to every Point and 
~ Quarter-Point of the Compat{s; 


, With the Ufe thereof in Working of a Traverfey 
\ and keeping a Sea-Reckoning. : 


‘The Explanation of the preceding Tables. = 945 
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352050 he Ufe of the Table. oy 
‘The Ufe of the preceeding Table of Difference of Lat. and Departure, 
4 Wise is.a large Table, giving the Difference of Latitude and Departure to 
any Diftance not exceeding 10000, and to every Quarter Point of the ” 
_ Compafs. ‘ 
The Courfe ftands at the Head and Foot of the Table; at the Head it be. 
gins at& Point, fo 4 Point, $ Point, increafing to 4 Points; at the Foot it.be- 
gins at 4 Points, fo 4$Points, 43 Points, increafing backwards to 7 # Points; — 
The Diftance is placed in the two outermoft Columns of each Page, under the — 
Word Di/t. on the Left-hand Page, beginning at r, and increafing to 50; on aa 
the Right-hand Page, beginning at 51, and increafing to roo. The Difference 
of Latitude and Departure ftands under the Courfe at the Head.of the Table, | 
and over the Courfe at the Foot thereof, diftinguifhed by the words Lat.and Dep. 
1. In this Table, if your Diftance exceeds not 100 Miles or Leaguesthe Diffe- 
rence of Latitude and Departure will be given in Miles or Leagues, and 100 | 
Parts of a Mile or League: But it may fuffice if the Difference of Latitude and 
Departure be taken only to Miles or Leagues, and Tenth Parts of a Mile or 
League, with this. Allowance, that if the Parts-be 16 or more, infteadthereof __ 
fet down 2 Tenths, (which is 20 Hundred Parts) if 26, or more, 3 Tenths; 
if36, or more, 4 Tenths ; if 46, or more, § Tenths; ifs6, ormore, 6’Tenths; 
4f66, of more, 7 Tenths; if 76, or more, 8 Tenth; if 86, or more, 9 Yenths; 
if 06, or more, then make the Miles or Leagues of Difference of Latitude or 
Departure, 1 more than they are in the Table: As for inftance, inftead ofro, 
16, fet down ro.2 Tenths ; for 27.27 place 27.35 for 40.59, place 49.6; for 
52.78, place 52.8 5 for 76.96, place 77; for 78.96, place 79 Miles or Leagues. 

2. If the Diftance be above 100, and not exceeding 1000, this Table gives 
the Diierence of Latitude and Departure in Miles or Leagues,and Tenth Parts, _ 
being taken out at twice. | ey. 

3. If the Diftance be more than rooo, and exceeds not 10000, the Diffe-. 
rence of Latitude and Departure is given in Miles or Leagues, as-fhall be exs ~ 

plained by what follows. mh. 
This Table is very ufeful in the refolving thefe 6 Problems in Navigation fol-. — 
lowing; provided in the § laft-Probiems, the Diftance either given or required 
exceeds not 100 Miles or Leagues. 
Problem I. The Courfe and Diftancegiven; to find the Difference of Latitude and” 
Departure. . 
Example 1. 4 Ship fails WSW. balf W. 50 Miles ; to find the Difference of o 
Latitude, and the Departure. 1 
On the Left-hand Page of the Table,.over 6 Points, and right again# cor 
Miles diftance, you will find over the Word Lat. 14:51, and over Dep. 47.853. 
which being contracted according to the firft Rule foregoing, fhews your Diff. 
of Lat. tobe 14.6 Tenths, and your Departure 47.8 Tenths, as was required. 
"- Example2. A Ship fails E. by N. half Eaft,125 Miles ;.to find the Difference: 
of Latitude and Departure. ; ; 
This muft be taken out of the Table at twice, after this following manner. _ a 
sila ty Yo Tote 


ra 


Pe 


Latitude and LE ble sai 


.'To ee this, you may account r at the beginning of the Table to be 
0; and 2 to be 203 3, 305 4, 4035, 50: Andfo roto be roo; rr, mo; 
12, 120; and 20 to be 200; 30, 300; 40, 400; 50, 500; 60, 600; 70, 
700; 80, 800; 90, 9003. and 100 at the end to be 100. 
| According to this Direction, againft 12 (which ftands for 120) on the Left- 
_ hand: Page, over 73 Points, ftands 1.18 over Lat. and 11.94 over Dep. which 
done, according to the fecond Rule before given, your Difference of Latitude 
is 11.8 and your Departure rr.o4. Then take out the Diff. of Lat. and Dep. 
for the Remainder, which is 5, according to the firft Rule aforegoing, and after 
the manner of the firft Example of this ‘Problem ; ; fo you will find Difference of - 
Latitude to be 0.5, and your Departure 5.0: This done, fet them down, and, 
_ add them together after this manner. 

. Dit. Lat. Dep. 
120 smemmacoee sores I, 9 eeemmcee «pce J 190.4. 

SMe ater ee cert ice") 

125 —-— 12.3 ——~-——- -———- 124.4 

So that your Difference of Latitude for the whole Diftance 125 Miles i 18 F2, 2.3 
Tenths, and your Departure 124.4 Tenths.. 

_ Example 3. A Ship fails: NIV. by N iW. 975 Miles ;.to find the Difference 2 
of Latitude and Departure. Fi, 

_” Under 34 Points, and againft'97 (taken for-o70) ftands 77.0r and Fy.78, 

| that is the Difference of Latitude 779.1 Tenth, the Departure 577.8 Tenths:. 

- againft 6 ftands 4.82, and 3.57, that is, the Dutereuse of Latitude 4.8 Tenths ;. 

. the Departure 3.6 Tenths; which added together, makes the whole Difference 

_ of Latitude 783.9, and the Departure 581.4. 

| Example 4. A Ship fails NE. by N. half E. 7968 Miles ;.to find the Difference: 

_ of Latitude apd Departure. 

_ To performthis, you muftaccount-r at the beginning of the Table to be 100 3, 

| 2, to be 200;.3, 300; 4, 400: And fo ro tobe 1000; 11,.tobe r100;. 125. 

| 12003, 63, 1300; 14, 1400: So 20 tobe 2000;.30, 3000; 40, 4000; 50,. 

5000; 6Q, 6000; 70, 70003 80, 8000; 90, 9000; and 100, 10000. 

According to this Direction, againft.79 taken for 7900) and under 3+ Points. 
ftands. 6107 for.the Difference of Latitude, and 5012 Miles for the Departure, 
according to the third Rule. Then take out the Differences of. Latitude and 
| Departure for the Remainder 68, according tothe firft Rule, which you fhall 
find to be §2.6, and 43.1 fo the whole Difference of. Latitude:is 61 159. 6 Miles, 
and the Departure s055.% Miles. 

Problem II, The Courfe and Difference of Latitude being given’; to find the. 

Diftance and Departure. 

Example. A Ship fails W.N.W. haif Weft, until ber Difference of Latitude be 
14.5 Leagues; to find the Difance and Departure. 

Look over 64 Points the Courfe in the Column of Latitude until you find. 
34.5, and right “aeaintt it you will find the Diftance 50 Leagues, and the De. 
parture 47.8 Leagues. - ae 

Problem III. & Gourfe and Departure given s.to find the Difference of Lati. 

j tude and the Diftance. Example 


to find rhe Difference of Latitude and Departure. 


Look in the Column of Departure, under 43 Points, until you find 474s) 


Example. 4 Sip ails SW. by 8.2 IW. until ber Departure be 47.7 Leaguer 


and right againft it you fee 52.6 Leagues, for the Difference of Latitude, and 


»t Leagues for the Diftance. Pe pode OL iets 
PROB. LV. Tbe Diff of Lat. and Diftance given; to find the Cour[e and Departure. 


Example. A Ship fails 50 Leagues between the South and the Weft, until ber 


Difference of Latitude be 14.5 Leagues; to find the Courfe ard Departure. 
Lock over your feyeral Columns in the Table, until ‘right againit 50, the 


Diftance, you find 14.5 in the Column of Latitude, over the Courfe, which will 


be 6! Points; and inthe Columin of Departure you will find your Departure 
to be 47.8. 


PROB. V. Te Diftance and Departure given, to find the Courfe and Diff. of Lat. 


Example. A Ship fails 80 Leagues North Weferly, until ber Departure be 
: 53.47 Leag. to find the Courfe and Difference of Latitude. 
‘Look over the feveral Columns in the Table, until right aginft 80 the Dif- 


tance, you find 3.7 in the Column of Departure ; over it you willfee 37 Points, — 


or NW. by N. ? W. and the Difference of Latitude (in the Column of Latitude 
wight again{t 80) to be 59.3 Leagues. 


PROB. WI. The Difference of Latitude and Departure being given, to find the 


Courfe and Diftance. 


Example. A Ship fails between the North and the Eaft, until her Difference of 
Lat. be 56.3 Leagues, and her Departure 51.0; to find the Courfe nnd Difantts — 
Look over your feveral Columns of Latitude and Departure, until you find ~ 


$6.3 to ftand againft 51.0, or the neareit thereto, which will be under 3% Points, 
which makes the Courfe NE. by N. 3 E. and it ftands right againft 76 Leagues, 
which is the Diftance required. 


_ BROB. Vil. How towork a Traverfe by the Tables of Latitude and Departure. ; 
‘Thefe Tables m ‘the working of a Traverfe, are both readier, and far more "a 


exact, than any Inftrument commonly ufed for that Purpofe. 


Example. A Ship fails SW. by 8. 37 min. then 8. by E. 30 min. ther SE. by S. 


half E. 47 min. then W by N. 59 min. thenW NW. 62 min. then SW% W. 27 min. 
to find the Difference of Latitude and Departure, and the dirett Courfe and Dif. 
from the fir Place. 


Set down the feveral Courfes and Diftances, as in the following Table. 


Cour fe. 
South Weft by South 37 
South by Eaft. 39 
SE. by 8. half E. 47 
Welt by North 59 
Weft North Weit 62 
South Weft half Weft] 27 


35.2 | 122.4, 
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_. Then by Problem 1, find the Difference of Latitude and Departure for thofe 
Courfes and Diftances feverally, which place in their proper Columns, viz. if the 
Courfe be N. Eafterly, place the Difference of Latitude in the North Column 
(under North) the Departure in the Eaft Column (under Eaf -) If the Courfe be 
South Eafterly, place the Difference of Latitude in the South Column, (under 
South ) and the Departure in the Eaft Column. If the Courfe be North Wefterly, 
place the Difference of Latitude in the North Column, and Departure in the Weft 
Column. If the Courfe be South Wefterly, place the Difference of Latitude in. 
the South Column, and the Departure in the Weft. 

As for Inftance, in the foregoing Table, the firft Courfe is South Weft by South,. 
the Diftance 37. Becaufe the Courfe is South Wetterly, you mutt place the Dif-. 
ference of Latitude 30.8 in the South Column, and the Departure 20.6 in the- 

1 Weft Column, as you fee in the Table.. 

The like is to be underfteod of the reft. Having found the Difference of 

) Latitude and Departure for all your feveral Courfes, and inferted them in their- 

proper Columns, you muftthen add up your North, South, Eaf, and Wef Columns, 

) feverally, and fubtracét the North and South Columns the leffer from the great- 

) er; and likewife the Eaft and Weft Columns. Sointhe Table, the Sum of the 

North Column is 35.2, of the South Column is 122.4, of the-Eaft Column 37.44. 

and of the Weit Column 156.7; fubtracting the North Column from the South, 
the Remainder is 87.2, the Difference of Latitude Southerly ; and fubtra@ine 
the Eft Column from the Weft, the Remainder 119.3, is the Departure 

Beeierlys ja": 

_. Having the Difference of Latitude and Departure, you may find the Courfeand 

 Diftance by Prob. 6. But in this Example, becaufe the Difference of Latitude. 

87.2, and your Departure, r1o.3, out-run the Table, that isto fay, yowcan find: 

_ no fuch Numbers in the Table, therefore take the half of your Difference of La- 
titude, which is 43.6, and the half of your Departure, which is 59.6, according. 

| tothe Direction in the fixth Prob/em, over 4? Points, againft 44.1, in the Column. 
of Latitude, you will find 59.4 in the Column of Departure, which are the two. 
neareft Numbers in the Table, and inthe Column of the Diftance 74, which be- 
ing doubled, is 148, the Diftance fought. The Courfe is between the South and 

_ the Weft, becaufe the Difference of Latitude is Southerly, and Departure Weft. | 

_ erly, therefore the Courfe is South Weft } Weft, which was required. 

But one of the principal Ufes of this Table is to determine the Difference of 

- Longitude in daily Reckonings, by having the two Latitudes and Departure gi-. 

yen, which it performs with all defirable Facility, and is alfo very ufeful for the 
 eafy forming of a Sea-Reckoning or Journal, as fhall be inftanced in this follow.. 
ing Table, being a Journal from the Lizard to Barbadoes. 

A Fournad of our Voyage, intended by God's Permiffion, from the Litard in Lat. 
4od. 55 min. North, Longitude Wef from London os deg. 14 min. to the I/fland 
of Barbadoes, iz Latit. 13. deg. ro min. North, and Longitude from London, 
E8deg. 3 min, Wef. The Difference of Longitude 52deg. 4gmin. The Courfe 
South 49 deg. 53 min. Weft, or SW. 3Weft fere. The Difance 3422 Miles, 
The Lizard bears North difant 25 Miles, March.22, 1749. i ie | 
; vee? , ays il 
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How to keep a Journal at Sea. 


oO Month [The Courfe-Dif)'7/Sou- | Ealt-| Welt Lat.by| Ea [Weit- 
|2 'and Lat] Correéted | in § |thingling, | ing |reckon|Lon./Long, 
| iby Obf. min.{=|min, {min. lmin. | D. 44{min. 


_| 1740 Brought from the other fide. 
16) _April_| W.S.W. | 91] 

W.S. W. | 84 

_W.S. W. |r0 


WeitiSouth "| 3.3 


| 


The whole Difference of Longitude is 3169.0 min. which is 
52 deg. 49 min. Wefterly. 


The Explanation of this Journal. 


* 


In this Journal there are eleven Columns; The firft contains the Days of the 
) Month; the fecond the Month of the Year, and Latitude b Obfervation ; the 
| Third the Courfe correéted, by the allowance for Lee-way, or for the Variation of 
ithe Compafs, If there be any; the fourth the Difance foiled the fifth, fixth, feventh, 
and eighth, the Northing, Southing, Eaftirg, and Wefting, being the difference of 
| Latitude and Departure of the feveral Couifes and Di/tances; the ninth, the Latitude 

y Dead Reckontrg, the.tenth the Ea? Diff. Longitude ; the eleventh, the Weft Diff: 
Longttude. : 


| : Here I would advife all that are defirous to give a poo Account of their Reckoning, 


o any that have Reafon.or Authority to demand it, “That they keep a particular Ac- — 
Jcount of that which they take off the Log-Board every Day at Noon, either inthe — 


Kk Now 


* © 
: , i 


uurpote, commonly called a L0g-Book, 


jfame Book where they keep their Reckening, or elfe in a Book diftin@tly for that 
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Now the manner of proceed 
tude and Departure is very faci 


Lizard to be 
the Southward of the Lz 


zard 25/3; which 25 I 
makes my Latitude 49° cor , 
The 23d Day my Courle 1s SW. and the Dil 
Latitude and Departure by the Table of Latitude 
Prob. 1. The Difference of Latitude 1s 79.25 j 
Courfe is South We 
parture in the Weft Column, 79’, of 
48° il’. 


‘To find the Difference of Longitude, in 
tudes 48° 11, and 49° 30 (the preient Latitude, and 
and Courle SW. by which you may 
“tion in Chap. 6. Prob. 3, of 
Dis. Lat. So is the Tangent 


~ heing wrought by the Logarithms, or Gunter 5 0 ale 


you will find the Diff. Longitude 120 


Courle is Wefterly. 
The 24th Day 1s wrought after the fame 


Diftance given to find the 


_ And here we thought to have enterta1 
Difference of Longitude by Infpection, in 4 


Book being only to every 
and therefore fhall rather recommend the Learner to 


New Kalender, where there Is a Traver 
jarge, for finding the Longitude thereby... 
How to corred your Reckoning by Obferv 


On the 24th of March, bya good Obfervation, 
whereas by the sage a 


is 15 more, Southerly = 
Column, which fubtracte 


gree wit 
ther the Fault be imputed, 
be well fteered, and_ you find no Current, nor any 


herefore to correct my 


_beft way 1s- to correct your Latitude only, not 
there be a Current and you know which way the 
allow for it, as, you are taught in Page 58, of this 

robable Reafon conjecture there 1s a Current, 


Lat Sea. i: 
the help of the Table of Lati- | 
of March at Noon, I find the 


es; therefore | am to 


ar North, and to be diftant about 25 Miles or Minut 
and that 


place in the South Column, 


fterly, I place the Diff. Lat. in the Sou 
19, fubtratted from 49° 30° givesthe 


the two laft Columns y 


find the Dift. Longitude, 
Mercators Satling ; faying, as. 
of the Courfe, to the Diff. Long. 


Difference of Latitude, Departure, and D1 


tude as was fhewed betore. or Te 
ned the Reader with Dire€tions fo 
Traverle Table; but our Tables in this - 


{e ‘Table to every Degree, 


I thould be in the Lat. 47° 
re 


- pr gafon, Ct 
think meet in Diff. Lat. and Dep. and fee if that will reform your 


How to find the Difference of Longitude. 


ation of the Latitude. 


I find my Latitude to'be ms 
15, fo that the Difference | 


L 


france 112', to find the Difference of 
and Departure, according to 

and the Departure 79.2. Becaufe the 
th Column, and my, 
atitude 


nns you have both Lati- 
the Latinude of the Day before) |) 
according to the Propor 
as Radius isto the-Meridional | 
] _ This Proportion 
le (which may ferve in this Cafe) 
/ which place in the Weft Column, becaufe your 


manner of the 234, having the Courfe and» 
ference of Longt- 


¢ finding the | 


jiarter Point of the Compats, it 1s not to fit for that Purpofe, 
the lat Edition of the Marmers 


and the Direétt 


“a | 


De- i 


ons at 
3 | 
4 


Latitude, I place 15’ in the S. 


iftance: Hf_ your 


btra€ted from 47° 15/, makes my Latitude by Reckoning toa 
h the Obfervation. To correct your Departure, seer muft confider, whe-, 


d to your Courfe, or to your, Courle. 


Variation of the Compafs, then 


ie Diftance 1s ott but if you cannot truft to the Courfe fteered, then your 
meddling with your Departure. 


Current fets, and how. fait, then 
Book. But if you only by tome 
then give what allowance you 


Reckoning 39 


| 


li Hew to keep a ‘fournal at Seaa 859 
your Latitude. If fo, you have gueffed well ; but if it will not, it is to be fuppofed 
that you are miftaken in your conjecture, or that there is fome other caufe of this Er- | 
ror in your Reckoning. , ; ‘i 

If the Compas varies (as moft_ commonly it doth) then finding what the Variation 
is, and which way it is, you muft allow it in the Ship’s Courfe. But if you cannot im- 

- pute the Error to, el of thefe, than (as I {aid before) the Diftance is faulty ; and this — 
is that which ufually makes the Difference between the Latitude oblerved, and the 
Latitude by your reckoning: And this I take to be the caufe of the Error this 24th 
Day of Mach, and generally in this Reckoning. j 

Now to correct your Departure and Diff. Longitude, when the Error is in the 

_ Diftance, you muff add up the North, South, Ea/t, and We? Columns, from the Day 
that you correct to the beginning of your Sowrnal 7. ables, if it be the firft Correc- 
tion you, have made, or from the Day ot Correstion to the laft Corre€tion ; if it 
be the fecond, third, fourth Correction, @’c. then fubtract the Sums of the North 
and South Columus from each other, and likewile of the Eaft and Weft, and 
fay by the Rule of Proportion: As the Diff, of the North and South Columns, 
tothe Dif of the Faft and Weft Columns; fo the Difierence between the Lati- 
tudes by Obfervation and Reckoning; to the Diff. in the Departure ; and for the 
Diff Long. ‘As the Diff. between the Latitudes by Obfervation and Reckoning, to 
the a Diff of thote Latitudes; fo is the Dif inthe Departure, to the Diff. in the 
Longitude. . 
| Example. The 24th Day you will find the Sum of the North Column co, the 
Sum of the South Column (leaving out 15 minutes the Error) 164.8 minutes, and 
therefore their Difference is 164.8. The Sum of the Eaft Column 1s 00 min. of the 

. ae 124.9 and their Difference 124.9. Then the Operation by the Logarithms 

} will be, | 


¥ ; Co. Ar. 
As the Diff. of the North and South Columns << nt men 164.3 ——— 7.78304. 
To the Diff, of the £4 and We? Columns ———~ ~~ 124.9 ~~ 2.096 56 
So is the Diff between the two Latitudes ===" — 15.0 1.17609 
_ To the Difference in the Departure, ——— a 11.0 ——81.05 569 
~ Place this rx Minutes in the We Column, becaufe the Sum of the We? Column ex- 
ceeds the Sum of the Za Column. 
In s Operation we neglect the Tenths of the Departure, as not to be re- 
garde . . 


The Operation for the Difference in the Longitude. 


The two Latitudes are 47 deg. 15 min. and 47 deg. co min, by which jin the 
ihe of Meridional Parts you will find the Meridional Diff Lat. 22 min. There- 
ore. ; . ; 

oie oe ) Co. Ar. 
As the Diff between the two Latitudes ——~ 15) ————— ———— 8.823 F) I 
To the Merid. Diff. of thofe Lat. — ———= 22, ——- -- 1.34242 
— So is the Diff. in the Departure, ————_— 1 + —— 1.04139 
© ~ Yo the Diff, in the Longitude, se nn 16 een pn: — R1620772 


| 

I 

| 

| 

/ ere 
| 


Kika ie 


This 16’ is placed in the We? Column, becaufe the Departure is We/erly. fie 
After the fame manner are the Correftions made in the Journal on the 30th of 
March, the 4th, the 9th, and the zo Days of pri/, the Error being fuppofed to bell 
in the Computation of the Diftance. | z 2 j 
If your Ship fails feveral Courfes in 24 hours, you mutt find your Diff. Latitude and 


<a . 4 


have you two Latifudes, zz. the Lat. the Ship was in the Day before at Noon, and 
the Lat. the Ship is now in, by which you may find the Merid. Diff. Lat. by the Ta- 
ble of Merid. Parts, according to Chap. 6. Prob. 1. of Mercator’s Sailing. “Then for 


your Diff, Longitude, fay, 


As the Diff. Latitude found by the Traverfe, 
To the Diff: Latitude in Merid, Parts : 


t } 
So is the Departure find by the Traver/e, ni 
i 4 


To the Diff. of Longitude for the Traverfe, ~ 


* To find the whole Diff. Longitude of the two Ports between which you make your’ ye 
Voyage, ie 


Add up the Columns of the Eaft and Weft diff of Longitude, and fubtra A thewaal A 
from the other, the Remainder redue’d into degrees and minutes, is the Difference of 


Longitude fought. . : 


In this Journal the Sum of the Weft Column of Longitude is 3170.0. the Sum of 4 | 


the Eaft Column is 1.0 therefore the Diff of the Eaft and Weft Columns of Longitude e 


is 3169.0, which reduc’d into Degrees and Minutes, makes 52° 49’, the Diff. Ong. My | 


between the Lzzard and Barbadces. if 


The Ufe of the Table of Ten Chiliads, or Ten Thoufand a 
Logarithms. i Seen 


HE firft Page of this Table is divided into fix Columns, of which, Fi | i 
firft, third, and fifth are Natural Numbers, and againft them in the fecond, _ 
fourth, or fixth Columns, you have their Correfpondent Ligarithms 3 as for Inftance, 1 
defire to know what is the Logarithm of 57 ? I look in the Columns under ( Num.) and — 
find 57 in the third Column, and againft it in the fourth Column, (under Lrgar.) 1 
Gnd 1.755875. the Logarithm of 57 required. This Page contains only all Numbers 
under 100. 


‘The firft Column of the following Pages, contains Numbers, increafing in their na- 


tural Order from 100 to 999, and with the Figures at the Top they extend to 9999; for _ 
aes of lie ena ps ; | Phi 
If your Number confift o aces, as fuppofe 469. find your Number always in — 
the att Column of the Left-haad Page, and againit itin the a Column (utader 0): 
you have 2 6711728, the Logarithm of 469 required. ot |» 
_ But if your Number contain. of 4 Places, (as 5678) find the firft three Figures (557) _ 
in the Leit-hand Column, and the laft Figure (8) at the top, and in the Common Angle 
you have 2.75419 54, the Logarithm required ; only ob‘erve this general Rule, that the 
firft Figure of the Logarithm towards the Left-hand mutt always be lefs by one, than 


. 


the Number of Places contained in the propofed abtolute Number. 
Thus 


2. 


Departure by working a Traverte; according to Prob. 7. in the Ufe of the Table of 
Latit. and Depart. your Diff. Lat. will ae you what Latitude the Ship isin, then ~ | 


| 
i | 
| 


ri 


| 


ae 


2 Sia ee Pt A is cee i 
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5,678 07541954 
. 56-78 (  \167 54.1954 
Thus the Logarithm of < 567.8 7 18¢2.75419 54 >87C. 
) 5678 S 3.75419 54 
59780 3 © 4.7541954% 


z. A Log. being given, to find the correfpondent Number. 


Noe, If the firft Figure of the given Log be (a) then by the foregoing Rule, the 
‘Number fought confifts of one Place ; if it be (1) it confifts of two Places; if it be (2) 
of three Places ; if it be (3) of four Places, ec. 

Let the Log be 0.90309003 this Log. will be found in the firft Page of the Table a- 
gainft (8) which fhews that (8) is the Number fought. : 

Let the Log, be 1-9190781 ; the Index or firft Figure being 1. the Number contains 
but two Places, véz. under 100, therefore look in the firft Page for the given Log. and 
againit it you have 83, the Number required. 

Let the Log. be 2.8318698; look down the fecond Column of, the Left-hand Pages, 
until you find the Logarithm propofed, and again(t it in the firft Column, you have 
679, the Number fought. ; | 

Let 3.980276: be the Lag. given; look down the fecond Column, as before, and you 
will find the neareft lefs to be 3-9800034 and the Number againit it is 955 5 -and 
crofling the Pages, as before directed, under (6) you will have the given Lug. heres 
‘fore the Number fought is 9556. . 

Let the given Log. be 3.96643793 if you look in the Table, according to the former 
_ Direétions, you cannot find any Lag. the fame with this here given; and this is com- 

‘monly the Cafe in the Ufe of thefe ‘lables; but then you muft find the neareit, being in 

this Cafe lefs than the Log. gen, Vi% 3.9664233- and the Number antwering thereto 
is 9256, whitch is the neareft in whole Numbers. 

Let the given rie be 1.9205407 ; look down the Left-hand Column as before, for 
the next lefs, which 3s 2.9201233, the Number againft which it ftands is 8325, then 
looking through the Pages again{t 832, you find under 8 at the Top 2.9205407, the 
four Figures anfwering thereto 1s 8328 but becaufe the Index or firft Figure of the © 
given Log. is 1, the Number muft contain but two places, and the reft is‘ Decimal 
Fraétion, {0 that 33.28, viz. 83528 isthe Number required. 


The Ufe of the Table of Artificial, or Logarithmetical Sines, Tangents, 
ee ana Secants. 


FT HIS Table contains the Logarithmetical Sines, Taugents, and Secants of every 
b Degree and Minute of the Quadrant, 


1. To find the Sine, Tangent, or Secant of any Degree and Minute, 


If the Degrees be Jefs than 45, your Sine, ‘Tangent, or Secant, is found in thoft 
Columns which are diftinguifhed by the Words (s/ie) (Tong.) (Secant) at the head of 
the ‘Fable, and their Complements in the Column titled at the Foot. 

But if the Degrees exceeds 45, then your Sine, Tangent, or Secant, is found in thofe 
Columns which are diftinguifhed by the Words (Ste) (Langent) (Secant) at tae foot ot 
the ‘Table, and their Complements in thote titled at the Head, 

Suppole 


“36a ”~*«*« Ei U fe of to Table 
 Suppote 


putes, under the 


32% 
Suppofe jou were to find the Lug. Sine, Tangent or Secant of 37° 47’, Look for 37 
deg. at the head of the Table, and upon the right-hand Page (becaufe the Minutes 
‘exceed 30) in the Column of Min. under (M) you muft look for 47 min. and again 
(Sine at the head of the Table,) you will find 9.7872317, the Sine 7 
ot 37 deg. 47 min. And againft 47, and under Zang.) you will find 98894214, the 


47 min. and under 


the Secant of 57 deg. 47 min. 


Tang. of 37 deg. 47 min. And againft 47 and under (secant) you will find 10.1021897» iy 
i | 
] 


Suppote you were to find the Log. Sine, Tangent or Secant of 64° 15’: Turn to 64° at 

i in the Column cf Mmutes, over 
d over (Sine) at the foot of the, ay) 
and. over (Tang.) 
and over (Secant) 


the foot of he Table, and upon the right-hand Page, 
the Letter (M) look. upwards for 15'5 againit 15', an 
Table, you will find 9.954.5793 the Sine of 64° 15'5 and againft 15, 
you will find 10.3166443 the Tangent of 64° 15’. And againft 1 55 
you will find 10.362¢649, the Secant of 64° 19. 


the Column of Minutes, over (M) look for 45, againtt 45, 


10.701 3382 3; and the Secamt over (Secai) to be 10-7097643- 
anfwering thereto. 


the deg. and min. required, take this brief Direction. 


Radius, OF 10.00C0C0O 5 


Targent or 
- are more than 45, ap 
(Langent) (Secant) at the foot of the Table. 
Suppofe you were to find the Degree an 
9.7035329: n 4 
(Sine) at the top, and under 30°, and againft 22 I 
Suppofe I were to ie 
This being greater than 45°, 1 run over the Columns of ‘Il 
(Tang.) at the foot ofthe Table, and over 67°, and againit 39 


greater, UZ 10.3863 5939 


Complement of any Degree and Minute ; as uppofe you were to 


his being lefs than 45, 1 run over the Column of Sines di 
1 find the given Sine ro. 
find the Degrees and Minutes corre/ponding to thts Tang. 10:3862931 
angents diftinguifhed by 
1 find the neareft bemg — 
and therefore the deg, and mun correfponding 1s 67 


you were to find the Log. Sine, Tangent or Secant of 32° 12': Look fornia 
32° at the head of the Table, and upon the Left-hand Page in the Column of Mr 
Letter (M) you will find 12', and againft 12’, and under Sime at the 
Head of the Table, you Will find 9.7266264. which. 1s the: Log. Sine of 32° 12'5 
and againft 12’, and under (Tang.) you have 9.7991 569, the Lig. Tang. of 32° 12'5 
and againft ¥2', and under (Secant) you have 10.0725305 the Lig. Secant of 3e° 


“ Suppote you were to find the Log. Sine, Tangent or Secant of 78° 45 Turn 
the foot-of the Table, and upon the left-hand Page (becaufe the Minutes exceed 30) in 
and over (Sze)you find the 


Sine of 78° 45/ to be 9.9915739, and the ‘Tangent in the fame Line over (Tang.) tobe 
2, A Log. Sine, Tangent or Secant, being given; to find the Degree and Minute 2 | 


This is but the Converfe of the former ; but that you may the more readily turn to a | 


Ifit be a Sine, andthe five firft Figures be lefs than 9.8494, or a Tangent lefs than 
or a Secant and the fix firft Figures lefs than 10.15055 then 
t is a Sine, ‘langent or Secant of lets than 45°, and is to be fought in thofe‘Columns 
diftinguifhed with (Sine) (Tangent) (Secant) at the head of the Table; but if the Szve, a 

Secant, exceed the refpective Numbers, then the Degrees anfwering thereto 
d they are to be found in thofe Columns diftinguifhe B 


O Al 
é 1. Note: If you are to find the Srne Complement, Tangent Complement, 


find the 


d 


d Minute correfponding to this Szve % 
ftinguifhed by 


to 78° at y 4) 


ae 


YY (Sime) He 


| 


or Secant 
Sine Com- — 
p ement q 
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plement_of 39? 17’, fubtraét 39° 17’ from 96° oo’, and look thé Sine-of the Remain- 
der or Complement to 90° wx. the Sine of 50° 43/5; or you may find it as before di- 
rected, to fave the trouble of Subiractign. 

2. Nite, If you are to find the Sine, Tangent, or Secant, of any Number of Degrees 
and Minutes exceeding 90° ; as fuppofe you were to find the Tangent of 127° 39° fub- 
traét 127° 39 from 180° oo! and find the Pasieent of the Remainder, wz. the Tangent 
g2° 21", which ts alfo the ‘Tangent 127° 39/, as was required. 


To find the Complement Arithmetical of any given Logarithm. 


The Go. 4r. of any Logarithm is what it wants of Radius, viz. 10.00cocn0, ot if 
it be more than Radius, it is what it want: of twice Radius, or 20-coecceo ; to find 
which, begin at the Left-hand of your given Logarithm, fubtracting every Figure — 
from 9, till you come at the lait Figure towards the Right-hand, which {ubtract from 

10, fetting down the Remainder, which is the Co. Ar. required. 
Example, | defire to know the Co. Ar of Log. 2.7581426 3 you need not fet them 
_ down as in common Subtraction, bur do it by Sight, {etting down for every Figure its 
Complement to 9, thus, for 2 fetdown 7 ; for 7,2; for 5, 45 for 8, 15 for 1,8; for 4, 
§5 for 3,65 for 6(the laft Figure) fet 1ts Complement to 10, viz. 43 and thus the Co. 
Ar. Of 27581436, 18 7.2418564, &c. This Method is to be ufed in finding the Cy. 4r- 
of any Sine, ‘Tangent, or Logarithm, leis than 10.0000000; but for any above 
10.0000000, you only reject the firft Figure of the Index, or Charaéteriftick, and pro- 
peed with the reft as before direéted: thus the Co. ar. of 10.8193472, is 9.180528, 
Ce : 


But for more Expedition, and to avoid the Trouble of Subtra@tion, it may be found 
~ more readily thus. . 


Sine, Secant Comp.? Reje€ting the 1 in the 
/ For Co. Ar. of 4 Sine Comp. USet down’ Secant ¢ Characteriitick which is. 
. PF ongent: of Tang. Comp.’ the Gor. of the Sine 
Complement or Tangent (if under 45 deg ) required. 
_ But for Logarithms which exceed 16.000000u, viz. Tangentsabove 45 Degrees, and 
_ ~ all Secants, obierve, | 


Ps Tang. Comp. _ ¢ Tang. 
For Co. Ar. of < Secant Use down Sine Comp. b 
. Secant Comp. Sine 


5 
i ; 


From hence this general Rule may be deduced, 


In any Trigonometrical Proportion, where the Co. 4r is required (which isalways. 
_ when Radius is not ene of the three firft Terms) if the firft Term be a Sine found in 
_ the firft Column of the Table, fet down for its Co. 4r. the Secant found in the laft Co- 
lumn: If it isa Sine found in the fecond Column, its Co. 4r. is the Secant found inthe |) 
fifth Column, if it is a Tangent found in the third Column, its C2. 4z. is the Tangent: — 
found in the fourth Column right againft it (always reje€ting the 1 in the Charaéte- 
riftick) and. if the firft Term be a T'ang. or Secant found inthe fourth, fifth, or fixth 
Column, the Co. Ar. is the Tangent or Sine found in the third, fecond or firftCo-— 
lumns; and having thus taken the Cv. 4, of the firt'Term, and the Sine, ‘Tangent, | 
: ae . * ere 
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gfe, of the fecond and third Terms add them all together, and ‘the 
Radius, is the Sine ‘Tangent, efc. fought. : : Sine 
"Example, As Sine 29° 30, to the Sine | of re 15/; oa is Si } 

fourth Sine required. ‘The Sine of 29° 30% is a ie ad : m 
fore for its Co. Ar. foun inft it in t Column, r * 
antes (whieh 1 1s the fame as if you found Co, At. se aa Subieadion ee it wil in eI 


oe . + es aS : oe, A 


oe Sine caer) NER MARES TNT ae 30 F ceaiierniis ini gpa BERL ; i 


To Sine ——_ 8 1S 9 9198464 | 


So Sine main Same ener se eee Fae eRe | 57 ED cee “Si 90984 


_ To Sine— <n ee erage Hp 8184917 


The Reafon of thus ch anging § Secants for Co. bf Sines, ee. is evident to ofe that 
underfiand the Natural Propofition of the Sines, ‘Tangents and Secants ne them 


~ felves; which Propofition ae be eafily demonftrated gee: the rae gee and J 
Confequences of Geometry. Ayes rs 2 


oS Nuibele eal an “their | 
Natural Order, from an. Unit: to | 


y > 


oe ia ‘Table of Artificial Sieiewe Tanvents, anal 
ecants, the Radius 10.0000003; and to-e-} 


jery Deuter and Minute of the Scola ant. 


[| 0.06¢0060 


0.3010300| 
O.4771243] 
|0.6020600 


4.602C690 
bE OL 27835 | - 
16232493). 


116334085 
. 1166434527] | 
| 1665: 26532125] Ee 

16627578] 


mer 7781513) 
127853298 
1792 39E74 


17993405 


fa. oh Sanaa Hel, 


I. 8260748 i 


1 1.8325089 © 


1.8388491 oh 
18450980 


gf: 18512533 
p24 48573325) | 
[18633229 | | 

|1.8692317 _f 


1.8750613 
1o8808136 | 


77° | 168864907 


1. 18920946 | 


“1789: 8976271 


149030900 © 


peosaros fo 
19294189 |. 
“119344985 
19395193 9 

4199444827 J 


2,90000000 
2.0043214 
2.0086002 
20128378 


2.0170333 . 


2.0211893 


2.025 3059 © 


ie cae 
2. 0334238 


20374265) 


2.04.13927 


/ 20453230) 


2,0492180 
2.05 30734 
2,05 69049 
*2,0606978 
| 2.064.4580 
§2,0081 859 
2.0718820 
2:0755470. 
2.07g91812 


2,0827854. 


1 2.0863598 
2.0899051 


| 200934217. 
" 2,0969100. 
251003795: 


241038037. 
.107231CO 


11105897 


1139434 


1172743, 
'2.1205739 
2.1238510 


4 2.127048 
241303338 | 


2.1235389 


1367206 | 


1398791 
51430148 


1492191 
3522883 
1553360 
1583025" 
1613680 
.1643529. 
167 3173 


es bn PRN NMOS wy 


11461280 [ 


2.0004341 


s2,.0047512 


2.0090257, 


2.003525 07 


2.0174507 
2.0216027 


2.025714 


2.02967895 au 


2.0338257 


'2.0378248° 


£.0417873 


“2.0457 1L41 
2.049005 6 


2,0534626 
2,0572856 
20610753 
2.0648322 


z 0685569 . 


2.0722409 


2.0759 118 
2.0795 459. 
2 0831441 | 


2. 08671 i) 


2.0902581 | 
a ene 


20937718 
2.0972573 


2.0051805 
2.0094509 


:2,01 36797 


2.022015.7 
20251245 
2.0301948 


2.0342273- 
2.0332220° 


2 0421816 


2.0461048 


eel 


Z OAGOIED 
Zi 0538404 


20576601 


“2,06145254 
2.0652061 ||. 


2.0039276 


te: o726175 | 
20762703 - 
-2 0799045. | 
2.983520. |: 
2.0870F712~]. 
2,0996107 
| 2.0941 210 | « 
2.097043. 


2.100715! | 2.10 
2.1041455. |.2.10 


BACT AGT YS 
ont 1112625 


2. 1109262: 
21142773 


2.1176027 
2.1209028 . 
2.1241781 
2.1274288 


-2,0013009 © 


2.005600 4" 
2 0068756 
2.01 41003 
2.0182343° 
2.0224284 © 
2.02653 33 
2,9395997— 


-2.0346285 
20386202 - 


2 tet 


2.0580462 


“2.0618293 - 


| a 0017337 | 


-2.0060380 | 
2.0103000 _ 


_2.0145205 4 
“Z,0187005 }. 


2,0228406 | 


~2.0269416 |) 
~2:9310043 4 


260350293 | 


2.039017 3 | 


(200557 97 | 


20692980 

2.07 29347, 
fa, 0766404. 
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72.9563 318 


2.7570922 
2.7573513 


-2.75 86091 
2.7593050 


2.7608746 


! 2.7616272 


2.7623784 
2,.7631-284 
2.738770 
2.7646244 
2.9653705 
276C 1153 


2.767601 1 


2.7683 421 
2.7090818 
2.7698 203 
2:9795575 


267712934 
2.77.20282 


| 2-7727616 
2.7734939 


2.7742249 
27749547 
247759832 
2.7764106 
2.7771367 


R74CQUS1 
2.7417930 
~2.74.24895 
267432745 


27440582° 


2.7448404 
2.745621 2. 
2.7464000 
2.7471 787 
2.7479553 
2.7487306 
27495044 
2.7502769 
2.75.10480 
2.7518178 
207525862 
2.7533532 
2.75 41189 
2.754883 2 
247556462 
2.7564079. 
2.7571682 
2.7579272 


2.7594412 
2.7601962 


- 2.7609500 


2.761 7024 
2.7824535, 
2.763 2033 
2.7639518 


2 7546991. 


2.755440 
2.7061897 


207 6693 3 I \ 


2.7676752 
2.70841 61 
2.7591557 
2 7698940 
2.770631 I 
2.7713070 
2.7721016 
2.7728349 
2.7735670 
2.742979 
2.7750276 
2.7757560 


2.777 2093 


27779349 


s ceeinimmmeieiiiameanin 


2.74099 39 
27417017 
2.742 5080 

~ 2.7433530 
2.7441365 
267449185 
2.7456992 
2.7472564 
2.74803 29 
2.7483080 
Bins 5047 
2.750354! 
27511251 

-2.9518947 
2.7520629 
2.753 4298 
2.7541954 
247549596 

27557224 
2.7564840 
267572441 


2.7 580030" | 


2.7587605 


2.7595168 ° 


2.7602717 
2.7610253 
2.7525285 
2.7632782 
2.7640266 
2.7647737 
2.7655195 
2.7062641 


2.7670074 | 
2.7677494 | 


2.76% 49ol 
2.7692296 
2.7699678 


Tee 707048 


227714405 
2] 724750 
2.7729082 
2..7736402 
2.7743710 
2.7751005 
2 7758288 
27795559 
2.777 2818 
2.77 80065 


en 


2.7410728 
2.7418604 
2.7420466, 
2.74343104 
2.7442147 
2.7449967 
267457772 
2.7465 564 
2.7473 341 
2.7481105 
2.748885 4 
2.7496590 
2.7504312 
Z.751 2021 
2.7519716 
207527397 
2.7535065 
2.7542719 
207550359 
267557987 
2.7565600 
2.7593201 
2.7530788 
2.7583362 
207595923 
207603 471 
2.761 1005 
2,761 Shaq 
2.762603 5 
2.7633531 
2.7641014 
2.7648484 
2.7655941 
2 7663385 
2.767081 6 
2.7678235 
2.7685641 
2.7693035 
2.77004.16 
2.7707784 | 
2.7715140 
2.7722483 
2.77 29814 
207737133 


—-2.7744440 


2.7751734 
267759016 
2.7766286 
2.7773543 
27 80789 


oO ee 
2.7781512 
> 269788745 
2.7795965 
267803173 
2.7810369 
2.731755 4 
. 2,9824726 
2.7831387 
2.7839036 
2.78401 73 
2.7853298 
2.7840412 
2.7867514 
£2,787 4605 
2.7881684 
2.7888751 
2.7895807 
2.7902852 
© 2.7909885— 
2.7916906 
(2.7923917 
2.7930916 
2.793 7904 
2.7944830 
2.79§1846 
2.7958800 
2.7955743 
2.797 2675 
2.7979596 
2.7986506 


| 2-7993405 


2.8000294 
-2,.8007171 
2.8014037 
2.8020893 
2,8027737- 
2.8034571 


2.8041394 


. 2 8048207 


2.805 5009 
268061 800 
2.8068580 
2.8075 350 
2.8082110 
2.8083859 
2.809 5597 
2.8102325 
§-2.8109043 
-2,8115750 
28122447 | 


1 


57782236 


2.7789457 
2.7796686 
2 7803893 
2.7811088 
2.7818272 
2.7325443 
2.7832602 
2.73397 50 


3.7840386 


2.7854010 
2.7361123 
2.7868224 
2.7375 313 
2.7882391 
2.7889457 
27896512 


| 267903555 


2.79105 87 
2.7917608 


.2.7924617 


2.7931015 
2.7938602 


2-7945577 
Be bbe 
27959495 
2.7966437 
2.7973368 
2.7980288 
2.7987197 
2.7994995 
2.80009 82 
2.8007858 
2.8014723 


2.8021577_ 


2.802842. 
2.8035 254 
2.8042076 


_ 2.8048887 
| 268055688 
'2,8062478 

2.8069258 | 


2.8076027 
2 8082785 


2.80895 33> 


2.8096270 
2.8102997 
2.8109714 
2.8116420 


2.8123116 | 


z 


247782990 
12.77 90199 
| 2.7797497 


2.7804613 
2.7311 807 
2.7818989 
2.7826159 
2.7833318 
2.7840404 
2.7847599 
2.7854722 
2.7861 833 


2 7808933 


2.7876021 
27883093 


2.78901 63 - 


2.7397217 
2.7904259 
2.791 1290 
2.7918309 
2.7925318 


-2.7932314 


2.7939300 
2-7946274 
2.7953233 
2.7960190 
2.7967 131 
2.7974000 


2.79809 79 


2.79873887 
2.799 4784 
2.8001670 
2.8008545 
2.801 5409 


-2.8022262. 


2.8029105 
2.803 5937 
2.8042758 


 2.8049568 
" 2.8056368 


2.8063157 


2.80699 35 
2.8076703 


- 2,8083460 
2.8090207 ° 


2.8096944 
2.8103670 
2.8110385 


2.8117090 


28123785. 


A TABLE of Logarithms, 


2.7733083 
2.7790912 
27798129 
2.78053 33 


2.78125 26 | 


2.7819707 
2.7826876 
2.783 4033. 
2.7841178 
2.7848312 
(2.7355434 
2.78025 44 
2.7369643 
2.7876739 


2:7833805 | 


27890859 
2.7897922 


, 2.7904963 


2.7G11992 
2.7919011 
2.7926018 


RET TS TONS 
2-7939993- 


2.7946971 


2-7953933 
2.796088 4 


2.7967824 
27974753 
2.7981571° 


2.7988577 


,4-7995473 
268002358 


2.8009 232 
2.8016095 


" 2,8022947 
r 2.8029789 


2.8036619 


2,8043439 | 


-2.8050248 


* 2.8057047- 


2.8063835 


~ 2,8070612 
2.8077379 . 


2.8084135 
2.€090881 


1 2.8097617 
| -2.8104342, 


2.8111056 


2.8117 760_ 
2.81244 


2.7784407 |} 
267791634 |} 
2.7798350 |] 
2.7806053 
2.7813245 
247820424 
2 7827592 
2.7834748 
2.7841892 
2.7349024 


2.7850145 |}! 
-2 7352254 4 || 


ne 7870352 


2.7877438 
278845132 
2-7891575 
2.7898626 |, 
2.7905666 {- 
2.7912095 | 

27919712 | 


| 2.7926718 |. 
"2:7933712 | 


2.7940696 
27947068 | 


247954629 | 


2.7961 579 : 
2.7968517 | 


-2.7975445 | 
2.7982362 |) 
2.7989267 | 


2.7996162 
2.8003046 
2.8009919 |. 
2.8016781 | 


.2.8023632 | 


2.8030472 © 
2.8037302 | 


(2.8044121 |) 


2.8050929 | 
2.8057726 | 


2,8064513 |) 


2.8071290 


/2.8078055 | 
2.8084818 | 


2.8091555 | 


_2.8098290 


2.8105013 


—2.8111727 


2.8118430 | 


2.8125123 | 


BRT FOG ARO. 


2.779235 
2.779957 
247806773 
2.7813963 
2.7821141 
2.7828308 
2.7835463 
2.7842606 
2.7849737 
207 850357 
122:7893905 
2.7871061 
2.7878146 
2.9385 219 
207 892281 


| 2.789933! ; 


2.7900370 
- 267913397 
2.7920413, 
2.7927 418, 
pes / 958 ¢ LY 
207944394 
217948585) 
| 27955324 
-2.7962273 
2.7969211. 
| 27976137, 
2.7983053. 
267989957" 
| 2.7996851 
28003733. 
2. 8010605: 
2.80174€6 
-2.8024316 
2.8631155 
28037984. 
2.8044802 
2.8051609. 
-2.8058405 : 


| 2.8065191 


2.8071967° 
| 28078731. 
2.8085 485. 

* | 2,8092229 


-2,8098962 - 
2.8105685. 
| 2.8112398) 


2.8119100; 


9 | 2.8125792. 


ree ee ee Eile eta 


from 1 to 10000. 


27785853 
2.7793078 | 


2.7800291 
2.7807492 
2.7814681 


2.7821859 , 


2.7829024 


2.7836178, 


2.784331) 
2.7850450 
2.785 7568 


2.78046075. 
” 2.7871770 


2.787385 3 


2.7885926. 
2.7892986 


227900035 


2.790707 3. 


2.791 4099 


| 2.792114 


2.7928118, 
2.7935110 
2.794.209 
2.7949061 
2.7956020 
2.7962967 
2.7969904 
247976829 
2.7983744 
247990647 


27 29F 54° 
2.800442! 


2.8011292. 
2.8018152- 


2.8025001 
2.8031839 


2.803 8666" 


2.8045483 
2.8052289 


2.8059085, 


2.8065 869 _ 


2.8072644 
2.8079407 
2.8086160 
2.8092903 
2.809963 5 
2.8106357 
'2.8113068 
2.8119769 
2.8126460 


2.7786570 
2.7 793900 


Z.73801012: 


2.7808212 


2 7815400: 


2.7822570 


2.7829740. 


2.783 0892 


2.7844033° 
2.785 1102: 


27858279 


ike ESE 
2.787 2479. 
2.7879501 . 
2.7880632 » 


2+7893691 
2.7909739 


2.79077 76 


2.791 4701 
207921815 
2.7928817 


2.7935809 


2.7942789 
mln eens 


2.795571 5: 


2.7963662 
2.7979597 
2.79775 21 
2.7984435 
2.7991337 


- 2.7998228 


2.8005 109: 


2.801 1973: 


2.8018837 
2.8025685. 


2.8032522 
_ 248039348 


2.8046164 
28052969 


2 8059763 
-2.8066547. 


2-807 3320 
2,8080083 
2.808683 5 
2.8093577 
2.8100308 
2.8107029 
2.8113739 


_2.81204.39 
2.8127129 


2.7737299 


GW is eae 


2.7801732 
2.780893 1 


2.7816113+ 


227823293 
2 7830456 
267837007 


2.7844746 
2.7851874 4 


2.7858990 
2.786609 5 


2.7873 188. 


2.788026G 
8.7837 339 


2.7894397. 
2.7901 4.4 4: 


2.7908479 
257915593 
2.7922510 


2.7929517. 


2.7930507 
2.79434 86 
2.795045 4 


2.795 7410 


,2+7504356 
“2s 7971290 
2.7978213 


2.7985125: 


2.7992027 
2.7998917 
2.8005796 


, 2,801 Ore 


2.8019522 
2.8026369 
28033205 
2,.8040030 


2.8046845 


| 2 8053649 


2.8060442 
2.067225 
.2.8073997. 
2.8080759. 
2.8087510 


2.8094250 


-2.8100980 
2.8107700: 


z 8114409 
2.8121108 


2.8127797. 


2-77 88022 
2-7795243 
247802453 
2.7809650 


2.7816836 “| 


2.7824010 
207831171 
2.7838321 © 
2.7845460. 
2.7852586 "4 
2.7859701 
Zz -7860804, 


207 SO 5102 
2.7902148 =| 
2.7909182 
247916205 
2.7923z16 
2 F990 aN 7 
2.7937200 
2.7944183 
2.7951150 
2.7958105 | 
267965049 
257971983 
2.7978905 , | 
2.7985816 
2.7992716 
2 7909605 * | 
2.8006484 - 


-2.8013351 
- 2 8020207 | | 


28027053 
2.803 3888. 


2.8040712. f 
2.8047526 


2.805 4329 
2.8001121 


2.8067903 
2.8074674 
2.8081434 
2.8088184 
2.8094924, 
2.810165 3 
268108371 
‘2.8115680 | 
2.8121778 | 


5281:28405 | 


2.8129134. 
2.8135810 
2.8142476 
2.3149132 
2.8155777 
2.816241 3 
2.8169038 
2.8175554 
2.8182259 
2.8188854 
2.8195439 
2.820201 5 
2.82085 80 
2.8215135 
2.8221681 
2.8228216 
2.8234742 
2.8241258 
2.8247765 
2.8254261 
2.8260748 
2.8267225 
2.8273693 
2.8280151 
2.8286599 
2.8293038 
2.8299467 
2.8305 8387 
2.8312297 
2.8318698 
2.8325089 
2.8331471 
248337344 
2.8344207 
2.8350561 
2.83 56906 
2.8363 241 


2.8309567 
2 8375834 
2.8382192 
2.8394780 
2.8401061 


2.8407332. 


2.8413595 


2.8419848 
2.8426092 
2.8422382 
2.8438554 
2.8444772 


s 


A- TABLE. of 


1 
2.8129802 
2.81364997 
2.8143142 
2.8149797 
2.8156441 
2.8163076 


2.8169700, 


2.8170315 
2208192919 
2.38189513 
2.8196097 


2,8202672. 


2 3209236 


(2.8215790 
20222335 


2.8228869 


2.8235394 
248241909 
2.8248415 
2.8254910 
2.8261396 
2:8267872 
2.82743 39 
2.8280796 
2.8287243 
2.8293681 
2.8300109 


2.8306528- 


28312939 
2.8319337 
2,8325728 
2.833 2109 
2.8338480 
2.8344343 
2 8351196 
2.8357540 


2.8363874: 


2.8370199 


-2,8376516 


2.8382822 
2 3389120 
2.8395409 
2.8491688 
B-BAO7S59: 
2.8414220 
2.8420473 
2.8426716 
28432951 
2.8439176 
2 8445393 


2 

2.8130470 
2.813744 
2.8143808 
“2.8150462 
281 $7 LOS 
2.8163739 


2.81703602° 


2.8176976 
2.8183579 


2,0LQa1724 


2.819675 5 
2.8203328 


2.3209392° 


2.3216 445 


2.82229389. 


2.82295 22 
2.236046 


2 8242560. 


2.82490605 


228255559 
2.8262044 


— 2.8268519 


2.8274985 
2.8281441 


- 2.8287887 


2.8294324 
2.8300752 
2.8307169 
2.8313578 
248319977 
2.8326366 
2.8332746 


208339117 
 2.8345479 


2.8351831 
2.83 58174 
2.8364507 
2.8370832 
2.8377147 
2.8383453 


2.8389750° 
2.8396037. 


2.8402316 


- 2,8408586 


2.8414846 
2.8421098 


2.8427340° 


2.8433574 
2.8439798 
2.8446014 


7 


pas tatoos 
pide aus * 


Logarithms, 


3. 


2.8131138, 
2.8137811- 


2.8144474 
2.8151127 


2:8157769 
2.8104402 
2.8171024 
2.8177636 
2.8184239 
2.8190831 
2.8197413 


(:2.8203985 


2.8210543 
2.8217100 
2.8223643 
228230175 
2.8236698 
2,8243211 
2.8.249715 


“218255208 


2.8262692 
2 8269166 
2.8275631 
2.8282086 
2.8288532 


_ 248294967 


2.8301 394 
2.8307811 
2.8314218 
2.8320616 
2 8327005 
2.8333 384 
2.833975 4 


2.8346114 


2 8352465 
2.83 58807 


2.8365140 ' 


2.8371 463 
2.8377778 
2.8384083. 


2.8390379 


2.8396666 
2.8402943 


-2.8409212 


2.8415472 
2.8421722 


z.8427964 


2.8434197 
2.8440420 
2.844563 5 


4 


2.813 8478 


2.8145140 
. 2.8151 70n ee 
2.8158433 | 


2.8165064 


2.8171686 


2.8178297 
2.8184898 
2.3191489 


2.819807 
2.3204642 | 
2.8211203 


2.8217755 


2.3224290 ‘ 
2 8220828 | 
2.8237350 | 
2.8243862 | 


2.8250364 


2.8256857 ein. 
248263340 | 


2.8269813 


23276277 J, 
2.8282731 | 
208289176 | 
2.8295611 |. 
2.8302036 |. 
2.8308452 | 
2.8314858 |: 
2.8321255 |, 
2.8327643 | | 
2.8334021 |) 
2.8340390 _ 

2 8346750 

2.8353100 }) 
2.8359441 |) 
2.8305773 

2.8372095 | 

2.8378409 | 
2.8384713 J) 
2 8391008 | 
2.8397294 | 


— 


—<——— 


oe Se = ee ee = oe ee 


2.81332473 
248139144 
2.8145805 
2.815 2456 
2.815906 
2.8165727 
2.8172347 
2.8178958 
2.8185558 
2.8192148 
] 2.8195728 | 


| 2.8208298 


z 8211859 | 
2.8218409 - 
2.8224950 
2.8231481-° 
2.8238002 
2.8244513 

Ze8251014 
2.8257506 
2.8263988 
2,8270460 
2.8276923 | 
2.8233376 


2.8289820 | 


2.8296254 


2.8302678 © 


2.8309093 
218315499 
2.8321895. 
_2 8328281 
2.8334659 
2.83 41027 


| 2.8347385 - 


218353735 
2.8360075 * 


6 a. 2.8266405 ° 


Rn 2.8372727. 
. |2.8379039" 


2.83853 43° 
2.8391637° 
2.8397922° 
2.8404198° 
ep 2.8410465°) 
4 2.8416723 | 


| 2.8422971 | 


: °2.8429211 


2.8435442 
2.8441664 ° 


2.8447877 | 


2.8133141. 


2.813981i 


2.$146471 


2.8153120 
2.8159760 
2.8166389 
2.8173009 
2.81 99618 
2.8186217 
2.8192806 
2.81993 86 
2.8205955 
2.8212514 
2.8219064 
2.8225603 
2.823 2133 
2.8238653 
2.8245163 
2.8251664 
2.8258154 
2.826463 5 
2.8271107 


2.82775 69 
2.8284021 


28290463 
2.8296896 
2.8303 320 
2.830973 4 
2.8316139 
2.8322534 
2.8328919 
2.8335296 
2.8341663 
2.8348021° 
2.8354369 
2.8360708 
2.8367038 


2.8373359 


2.8379670 | 


2.8385973 


2.8392266° 
2.83985 50 
218404825 } 


2.8411091 


2.8417348 © 


2.8423596 


' 2.8429835 


2.8436065 
2.8442286 


2. 28448498 


tamed 

z.8133808 
2.8140477 
2.8147136 
2.8153785 
2,8100423 
2,.8167052 
2.8173670 
2.8180278 
2.8185877 
2.8193465 


2,.8200043. 


2.820661 


2. 8213170 
2.8219718 
2.8226257 
2.8232786 
2.8239305 
2.8245814 
2.8252313 
28258803 
2.8265 283 
2.8271 753 
2.8278214 
2.8284665 
2.8291 107 
2.82975 39 
2.8303962 
2.8310375 
2.8316778 
2.8323173 
2.8329558 
2.83 35933 
2.8342299 
268348656 
2.83 55003 
2.8361341 


_2.8367670 


2.8373999 
2.8380301 
2,8386602 
2.8392895 
2.8399178 
2.8405452 
2.841717 
2.8417973 


°2,.8424220 


2.8430458 


1 2.84.36687 


2.8442907 
2.8449119 


D 


2.8134475 
2.31411 44 
2.8147801 
2.8154449 
2.8161087 
2.8167714 
2.8174331 
2.81 80939 
2.8187536 


268194123 


2.8200700 
2,8207268 
2 8213825 
2,8229372 
2.8226910 


. 2.823 3438 
2.8239956. 


2.8246464 
2.8252963 


2.8259451 


2.8265931 
2.8272400 
2.8278860 
2.8285310 
2.8291751 
2.8298182 
2.8304604 
2.8311016 
2.8317418 
2.8323812 


| 2.8330195 
2.83365 70 
_ 248342935 


2.8349291. 
2.835553 8 
2.8361975 


* 2,8368303 


2.8374622 
2.83 80931 
2 8337232 


2.83935 23 > 
228399806 - 


2,8406079 
2.8412343 
2.8418598 
2.8424844 
2.8431081 
2.8437310 
2.8443529 


2.8449739 


28161750 
2.8168376 
2,8174993 
2.8181599 
z.8188195 
2.8194781. 
2.8201357 
282079724 
2.8214480 
2.8221027 
208227563 
2.8234090 
2.8240607 
2.8247114 
2.8253612 
2.8260100 
2.8266578 
2.8273046 
2.8279505 
Z; 28285955 
me 2.8292394 
2.8298824 
2.8305245 
2.8311656 
2.8318058 
2.8324450 
2083 30833 
2.8337207 
28343571 

2.8349926 
2.8356272. |: 
2.8362608 © 

2.8368935 
2.8375253 
2.8381562 
2.8387861, | 
2.8394152 

268400433 
2.8406706 
2.8412969 
2.8419223 
2.8425468 
2.8431705 
2.8437932 


| 28444150 


2.8450360 ; 


28527819 
2.353 3940 
2 8540022 
2 8546096 
2.8552162 
| 2.8558219 

_ 2.3564268 
2.85 70308 
2.8576340 


i | 2.8582362 


28588379 
2.8594385 


Li, ee 


DN aol tas Pk ik dca kaha Bh io ceg Sint 


2.8473258 
2.8479426 
2.8485 586 
2.8491736 
2.8497878 
2,8504011 
Beg es 

8516252 
2 2 8322359 
2. 2.8528458 
2.8534548 
2.8540630 
2.854.6703 
2.8552968 
2.35 58824 
2.8564872 
2.8570912 


. 2.8576943 


2.8582965 


28588980 


2.8594986 


2.86003 84 
2.86063 74 
| 2.861236 
-2.8618330 
2.8624296 
‘2.8630253 
2 8636202 
(2.8044143 
2,8648076 
2.8654001 
2.8659918 
2.8665827 
ri 2.8671728 


| 2.8677620 
| 2.8683505 — 


| 2.8689 382 
2.8695251 
2.8701112 
-2.8706965 
2.8712810 


2.8719647 


2.8724476 
| 2.87302¢8 
(2.8736112 


| 2.8741918 | 
__| 28747716 


2. 8600983 
2.860697 3 
2.8612954 
2.8618927 
2.8624892 
2.8630848 
2.8636797 
2.8642737 
2.86436€9 


2.8654593 
2.8660509 


2.8666417 


2.8672317 
2.8678209 


2.8684093 
2.8689969 


2.8695837 


28701697 


28707549 


2.8713394 
2.8719230 


2.872505 9 


. 2.8730880 
2.8736693 
2.8742498 
2.8748296 


- from 1 to 10000. 


2.8455321 


| 2.8461515 


2,8467700 
2.8473876 
iz "8480043 
2 8486201 


| 2.8492351 
Be 8498492 : 


2.8504624 
2 8- 510748 
2. 3¢16863 
2. 8522970 
2. 2.8529058 
2.8535157 


_ 2.8541238 


2.547310 


-2.8553374 


2.8559429 
2.8565476 
2.8571515 
268577545 
2.8583 567 
2.85895 81 
2.859558 
2. (8601583 
2.860757! 
2.8613552 
2.860195 24 
2.8625488 
2.8631443 
2.8637391 
2.864333! 
2.8649262 
268655185 
2.8661 100 
2.8665008 
2.8672997 
21 ,. 8678798 
2.8684631 
2.8690556 
2,8696423 
2.8702283 
2.8708134 
2.8713975 
2.8719814 


2.8725641- 


2.873 1462 
2.8737274 
2.8743078 
2.8748875 


3 


2.845594! 


2.8452134 
2.8463318 
2.8474493 
2.8480659 
2.8486817 
2.8492965 
2.8499196 
2.8505237 
268511360 
2.8517474 


2: 8523580 


2 8529677 
2 8535765 
2.8541845 - 
2.8547917 
2.8553980_ 
2.8560035 
2.8566081 


2.8572118 


2.8578148 
2.38584169 
2.8590181 
2.8596186 
2.8602182 
2.8608170 
2.8614149 
2.8620120 
2.8626084 
2.8632039 


248637985 


2.8643924 
2.8649855 


2.8655777 
2.8661691 


2.8667798 
2.8673496 
2.8679387 
2.8685 269 
2 8691143 
2.8697010 
208702868 
2.8708719 
2.8714562 
268720397 
2.8726224 
2.8732043 


2.8737855 


2.8743658 | 


2.8749464 


APY has 
2.8456561 
2.8462752 


2.846893 5 


ep 475 {10 
2.8481275 

26 buao4ge 
2.8493580 
2.8499719 
2.38505850 
2.8511972 
2.8518085 
2: 2.85241 24.190 
2.8530286 
2.8536374 
2.854245 3 
2.85485 24 
2.8554586 
2, 8560640 
2.8566685- 
2.8572722 
2.8578750 
2.8534770 
2.8590782 
2.8596786 
2.8602781 
2.8608768 
2.8614747 
2.8620717 
248626680 


2.8632634 -} 


2.863 8580 
2.8644517 
2.8650447 
2.8656369 
2.8662282 
2.8668188 
2s 2.8674086 
28679975, 
2.8685 857 
2.8691 730 
2.8697595 


2.8703454 


2.8709304 
2.8715146 
2.8720980 
2.8726806 
2.9732625 
2.8738435 


2.8744338 
2.875003 4 


2.8750013 
2.8756399 
| 2.87621 78 
2,8767950 
2.8773 713 
2.877947 
2.8785218 
2.8790959 
2.8796692 
2.8802418 
2.8808136 
2.8813 847 
2.3819550 
2.8825245 
2.8830934 
2.8836614 
2.8842288 


2.8847954 


2.8853612 
2.8859263 
2.8864907 


2.8870544' 


2.8876173 
2.8881795 
"2,8887410 
2.8893017 
2.889 8617 
2.8904#210 


2.8999796° 


2.8915375 
2.8920946 
2.8926510 
2.893 2068 
2.8937618 
2.8943 161 
2.8948697 
2.8954225 
pn EEE 
2.895974 
2.8965262 
2.8970770 
2.8976271 
2.8981765 
2.8987 252 
2.8992732 
2.8998205 


2.9003671 


2.9OOQI 31 


2.9014583, 


249020029 
2.9025468 


T 


eae 


BL 
I 
28751192 
2.8756978 
2,8762756 
2.87685 26 
268774289 
2.8780045 
2.8785792 
2.8791532 
2.8797265 
2.8802990 
2.8808707 
2.8814417 
2.83201 20 
2.8825815 
2.8831502 
2.8837182 
2.884285 5 
2.88485 20 
2.8854178 
2.8859828 
2 3865471 
2.8871197 
2 8376736 
2.38823 57 
2.83837971 
2.8893577 
2.889917 
2.8904769 
2,8910354 
2.8915932 
2.8921503 
2.8927066 
2.8932623 — 
2.893 8172 
2.8943715 
2.89 49250 
2+8954778 
2.8960299 
2.8965 818 
2.8971320 
2.8976821 


_2,8982314 


2.8987 800 © 
2.8993279 


- 2.8998752 


2.9004218 
2.9009676 


/2.9015128 


2.90205 73 
2.9o26011 


© 


Tapas pe 


of oL 
a 


203751771. 
2.8757556 
2.3763333 
2.8769103 
2.8774865 
2.8780820 
2.8786367 
28792106 
2.8797838 
2.8803 562 
2.38809279 
2.8814983 


2.3820039 
2.8826384 
2.3832070 
248837750 
2.3843421 
2.88 49036 
2.8354743 
2.8860393 
2.886603 5 
2.8871670 
2.8877298 
2.8882918 
2.88385 32 
2.38894138 


2.8899736 | 


2.8905328 
2.891h09L2 
2.8916489 
2.8922059 
2.8927622 
2.8933178 
2.8938727 
2.8944.268 
2.8949803 
2.8955330 
2.896085 i 
2.8966304 
2.89713871 
2.8977370 
2,8982863 
2.89883 48 
2.8993 827 
2.8999299 
2.900474 
2.9O10222 
2.9015675 
%.QO21117 
2.992655 5 


ogarithms, 


Sato ca te 
203752549 
2.8758134 
2,8763911 
2,8769680 


2.877544! 


2.8781195 
2.8786¢41 
2.879 26380 
2.8798411 
2.8304134 
2.8309850 


2.8815558 


2,8821259 
2.882695 3 


2.833 2639. 


2 8333317 
23843938 
2.8849652 
2:8355308 
2.880095 7 
2.8866599 
2.8872233 
228877890 
2.8833480 
2.8389093 
2.8894698 
2.8900296 
2.8905 837 
2.8911470 
2.8917047 
2.8922616 
2.8928178 
2.893373 
2:8939281 
2.8944822 
2.8950356 
2.8955 8383 
2.8961 403 
2.8966915 
2.8972425 


 2,.8977920 | 


2.8983412 
2.8933897 
2.899 4375 
2.899846 
209005310 
2.9010767 
2.9016218 
2.9021661 
2.9027098 


2.8389053 


- 2.9005856 


ee | 
2.375 2928 | 
2.8753712 | 
2.8754433 — 
2468770256 
2.8776017 | 
28781770 
2.8737515 |} 
2.8793253 4) 
2.8793983 
2.8804705 
2 8B10(e 
2.83161 29 
2.3821829 — | 
2.8827522 | 
2.8333207 | 
2.8838885 || 
2.8844555 || 
2.8850218 || 
2.8355874 || 
2.8861522 | 
2.8867163 || 
2.8872796 || 
2+3878423 || 
2.8884042 || 


2.8395258 - 
z.8900855 || 
2.8906445 i} | 
2.8912028 | 
2.891760} 
2.89 23173 | 
2.8928734 - 


2.89 34288 | 


2.8939856_ 
2.3945370 
2.8950909 
2.8)61954 
RE 9 
263972971 | 
2.8978469 
2.8983960_ 
28989445 

2.8994922 © 
229000392. 


2.QOL1313 

2.9016762 | 
2.9022205 | 
2.9027041 


2.875357 
2.8759290 
2 8765065 
268771833 
28775592 
| 2.8782345 
2.8788089 
2.8793826 
2.87995 56 
28805278 
2.8810992 
2.8816699 


2. 28822393. 


2.38828090 


2.8833775 


218839452 
2.8845 122 


2.8850784 
2.8856439 
2.8862086 
2,8867726 
268873359 
‘| 2.8878985 
2.8884503 
2.8890214 
2.88953818 


2.8901 415 


2.8907004: 
2.8912586. 


2.8918161 
2.8923729 
2.8929290 
2,8934843 
2.8940390 
2.8945929 
2.895 1462 
2 8956987 
2 8962506 


2.8968017° 


2.8973521 
28979019 
2.8984599 
2.8989993 


2.8995469 


2.9000939 
2.9006402 
2.9011858 
29917307 
4 2.9022749 
209028185 


2 2 8754086 


2.8759858 

2.8765642 
28971409 
2,8777168 
2.8732919 
2.8783663 
2.8794409 
2.88001 28 
2.8805850 


2.8811563- 


2, 28817269 


2. 2.8822908 
2.8828659 


| 2.8834343 


2.8840019 
2.8345688 
2.8351350 
2.8857004 


2.8862651 » 
2.8868290. 


2.8873922 
2.8879547 
a 8885165 
2.8890775 
2.88963 78 
2 8901974 


2489075.63 | 


2.3913144 
2.8918718 
2.8924285 
2.8929846 
2.8935398 
28940944 


2.89 46483 


sors 
248957539 
2489503057 
28968568 
2.8974071 
268979568 
»,8985058 


2.8999541 


2.8996017 
2.9001 486 
2.9006948 
2.901 2403 
2.QO1785 1 
2.9923 293 
2.9028728 


BS Sate 


to 10000. 


2.8754664 


2.87604.46, 


2.8766219 
268771935 
2.87777 43 
2.8783494 
2.8789237 
2.879 4973 


2.8800701. 


2.8806421 
2.8812534 
2.8817840 
2.8823537 
2.8829228 
2.8834911 
2488405 36 
2.8846255 
2.8851915 
2.8857569 
2.8863 215 


2.886835 4. 


2.8874485 
2.8880109 
2.8885726 
2.8391336 
2.889693 8 


_ 268902533 


2.890812! 
2.8913 702 
2.8919275 
2.89243842 
2.8930401 


28935953 


2.3941498 
2.8947037 
2.8952568 
2.8958092 
2.8963608 
28969118 
2.8974621 


2.8980117 | 
2.8985606 © 


2,8991089 

2.89965 64 
209092032 
2.999749 4 
2.901 2948 
2.9018396 


2.9023 337. 


2.9029271 


3 


ee 


2.8755243 
.2.8751023 


2.8766796 
2.8772561 
2.8778319 
208784069 
2.8789811 


2468795546 
2.8801273 


2.8805993 
2.8812705 
2 8318410 
2. 8824107 
2.8829797 
2.8835479 
2.884115 4 
2.8846821 
2.8352481 
2.8858134 
2.8863779 
2.8869417 
248875043 
2.8880671 
2,8886287 
2.8891896 
2.8897498 
248903092 
2.8908679 
2.8914259 
2.891983 2 
2.8925398 
2.8930957 
2.8936508 
2+8942053 


2.894759 
2.8953120 


| 2.8958644 
ee 28964160 


2 8969669 
2.8975171 


2.8980667 | 


2.8986155 
2.8991636 


2.8997111— 


2.9002579 
2.9008039 
2.9013493 
29018940 
2.9024381 
29029814 


a 


sie 
268755821 
2.8761601 
2.8767373 
2.8773137 
2.8778894 
2.8784643 
2.8790385 


' 2.8796119 
- 2.8801 846 


2.8807 564 
2,8813276 
2.8818980 


2.8824676 
2.8840365 
2.8836047 
2.8841721 
2.88473 87 
2.8853047 
268858699 
2.83643 43 
268869980 ~ 
28875610 
2.888123 3 
2,8886848 
2.8892457 
2.8898058 
2.8903651 
2.8909238 
2.8914817 
2.8920389 
2.8925954 
2.8931512 
2.8937063 
2.8942607 
2:8948143 
2 8955673 
28959195 
2.8904711 
2.8970220 
2.897572 
2.8981216 
2.8986703. 
2.89921 84 


_2,8997658 


2.9003125 
2.90085 85 
2.901 4038 
2.9019485 
2.90249 24 
2 9039357 


ene wees Sa 5 oe 


"T ABLE of Logarithms, — 


A 

——- 
2.9030900 
2.9036325 


2.9041744 . 


209947355 
| 2.9052560 
-2.9°57959 
2.9063 350 
2.99687 35 
2.9O74114 
2.9079485 
2.9084850 
2.gOUO209 
2.9095 500 
2.9100905 
2.9106244 
2.911570 
2.g116902 
2.912222! 
2.9127533 
2.913 2839 
29138139 
2.9143432 
2.9148718 
2.9153998 
2.9159272 
2.9164539 
2.9169800 
2.9175055 
2.9180303 
2.9185545 
2.9190781 
2.919010 
2,9201233 
2.9206450 
2.9211661 
2,9216865 
2.9222063 
2.9227255 
2 9232440 
2.9237620 
269242793 
2.9247960 
2.925 3121 
2.925 8276 
2.9203424 
2.9268567 
-29273704 
| 2.9278834 
2.9283959 
2.9289077 


f 
219038 445 
2.9036867 
2.9042285 
2.9047696 
2.905 3101 
2.9058498 
2.9063 889 


- 2.9069273 


209074651 
2.9080022 
2.9085386 
2.9090744 
2 9og60g5 
2.9101440 | 
2.9106778 
2.9112109 . 
2.911 7434 
2.9122752 
2.9128064 
2.9133369 
2.9138668 
2.9143961 
2.9149246 
2.9154526 
mide) he. 
2.9165066 
2.9170326 
2.9175580 
2.91803 28 
2.91 86069 
2.9191 304 
2.91965 33 | 
2:9201 755 
2.9206971- 
29212181 
2.9217385 © 
2.92225 82 
2.9227773 
2.9232958 
2.9238137 
2 9243310 
2.9248476 
2.9253637 
2.9258791 
2.9263939 
2.9269081 
2.9274217 
29279347 
2.9284471 
29289588 


Ee PNR 


2 
2.9031985 


2.903749 


2.9042827 
2.9043237 
209053541 
2 9059038 
2.9064428 
2.90698 12 
2.9075188 
29080559, 
2.9085922 
2 GOO 279, 
Z2.90G0030 


2.9107 311 
2.9112042 
2.9117966 


2.9123284- 


2.9128595 
2.9133899 
2.9139198 
2.9144489 
2.913 49775 
2.9155054 
2.9160326 
2.9165592 
2.9170852 
2.9176105 


2 9181352: 


249186593 
29191827 


2,.G197055 


2.9202277 
29207493 
29212702 
2.921290 
2 9223102 
2.9228292 
29233477 
2:9238655 
29243827 
2.9248993 
2.9254152 
2.9259306 


2.9264453 | 


2.9269595 
2.9274730 
29279859 
2.9284983 


4 


epee ar aa 


Beraeis 


2.903795 
2.9043 368 
2 9048778 
2.9054181 
SONOS 77 
2.9064967 
4°90 O55 
2.9275726 
2 9081095 
2 9086458 


E001 SRS 


| 29101974 | 


2.90071 65 
2.9102508 


(2.9407844 


2.QLI3474 
2.9118498 
2.91 23815 
2.9129126 
eG 34450 
2859727 
29145018 
2.9150303 
2.9155581 
2.916085 3 
2.9166118 


29171378 
29176630. 


2.9181877 
2.9187117 
291925 5° 
2.9197578 


| 2.9202799 


2.9208014 
2 9213222 
2.9218425 


2.9223621 


2.9228811 
2.9233995 
2.9239172 
2.9244344 
2.9249509 
2.9254668 
2.9259821 
2.9264968 
2.9270109 
2.9275243 
2.9280372 
2.9285495 


2.92Q0100-}. 2 9290611 


ie bh. 3 ps" 
SE? Ry oita A Honk Set ay 6 one iar 
BIS ica: ST ARS Te Cee NUE 


29033071 ' 


2.9038493 {| |. 


2.9043909 
2.9049318 
'2.9054721 
2.9060119 
2.9065 505 
2.9070887 


2.9077263 | 


2.9081032 
2.9086994 


— 2.9092350 


2.9097699 
2.9103042 
2.9108378 
r4 9i 13707 
2.9119030. 


- 2.9124346 


2.9129650 


2.9134960 | 


269140257 
2TH 547 
2 G150831 
2.9156109 


2.9161380- a 
29166645 } 


2.9171903 
bee he GRE 


Z.QU82401 . Yq 


2 9187640 
2.9192873 | 
29198100 | 
2.920332). 1 
2 9208535 


29213743 


29218945 


2q224140 |. 


2.9229330 |. 
2.923 4513. 

2.92396090 
29244860 
2.9250025 
2.G255184 
2.9260336 
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2.9266511 
2.927160 
2.9276783 
2.9281909 
2.9287030 
2:9Fg2 1.45. 


2.9034098 
2,.9040119 
BOD 45 533 


| 269050940 


2 9056340 
2.9061734 
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2.920619 
2.9215824 
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2.9231404 
2.9230584 
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2.9288054 © 
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2.9247444 
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2.930439 
269309490 
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2.9365640 


.2.9370663 , 
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2.9489995 | 
2.9494876, 
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2.9377184 | } 
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2.9506982 
2.9510946 
2.9515 803 
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29722491 


2.9717396 
2.9722028 
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2.9557358 
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2.9558801 | 
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| 2.9696023 
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2.9751560 
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2.9554472 
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2.9583027 
2.9592800 
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2.9611837 
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- 2.9659069 
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2.9779373 
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2.9701608 


2.9706258 
2.9710902 
209715842 
2.9720176 


2.9724805 


2.9729439 
2.9734959 
2.973 8664 
2.9743 274 
2.9747 379 
2.975 2479 
2.9757975 
2.9761655 
2.976625 1 


 2.9770331 


29775407 


~ 


tO 10000. 


7 
2.9545 802 
2.9550521 
e953 545+ 
2.9560243 
2.9565046 
2.95 59844 
2.9574636 
ne ed deb 
2.9534205 
2.9588982 
2.9593753 
2.9598520 
2.9603281 
2.9608036 
2.961 2787 
2.9617532 
2.9622272 
2.9627007 
2.9531737 
2.9636462 
2.9041181 
2.9645896 
2.9650605 
49955399 
2.9660009 
2.9664703 
2.9969392 
2.9674076 
2.967875 4. 
2.9683428 
29688097 
2.9692761 
2.9697420- 
209702074 
2.9706722 
2.9711356 
2.9716005 
2.9720639 
2.9725268 
209729892 
2.973451 
2.9739126 
2:9743735 
2.974834 > 
2.9752939 
2.9757534 
2.97021 24 
2.9766709 
2.9771 289 
2.9775854 


8 
2.95 46284 
29551102 


'2.9555916 


2.9500723 


2.9565520} 


295 CD28 
wr yet 
ae eS ea hy 
2.9534633 
249589459 
eta bre 
29592592 
2 9603756 


2.9608512 | 


2.961 3262 
2.961 8006 
2.9622746 
2.9627481 
2.9632210 
2.963593 4 
2.941053 
2.9046367 
2.9651076 
2.9655780 
2.9660478 
2.9665172 
2.9669860 
2.9674544 
2.9679222 
2.9683 895 
2.96885 64 
2.9693227 
29697885 
29794539 
2.9707187 
2.9711830 
2.9716469 
2.9721 102 
26972573! 
2.9739354 
2.9734975 
269739587 
419744190 
2.9748800 
269753399 
2.9757993 


2.9776322 


ses” ed 
229546766 
269551534 
2.9550397 
2.9501 204 
2.95 66006 
209570803 
2.9575 594 
2.9589380 
2.9585161 


2.9589937 


2.9594797 
2.9599472 
2.9004232 
2.9608987 
249613736 
2.961848 
2.9623220 
29527954 


2.90609 4% 
2.9665641 
2.96703 29 
2.9675012 
2.9679690 - 
2.9684362 
2.9689030 
2.959 3093 
2.9698351 
2.9'703904, 
2.9707 052 
2.9712294 
2.97 16932 
2.9721565. 
2.9726193 
2.9730816 
2-9735435 
2.9740048 
2.9744656 
2.974926% 
2.9753858 
209753452 


' 2.9763041 


2.9767625 


 2.9772204 §. 


: 209799929 


| 2.9804579 
| Sosobiio 


pee eats 
TE 29334751 
| 2.9840770 


| 7.784977! 
ety 


| 29363238 


| 2,9916690 


| 2.99387569 
| 2.994171 


2.999492 


~ 


9986952. 
| 2.9991305 
<4 2.99986 55 


1424 
Ge 
2.973639 


2.9795434 


2.980003 4 


13055 
‘ ever so 


2 y827 234 


2.933623 


2.9345273 


2.9858754 


867717 
Spar ae 
2 9376063 
2.9881128 


9835590 
i sopen 
Boel shy: 
2.989894 
2.9903 339 
2.9907 829 
2.99UZZ01 


2.992015 

29925535 

F299 
2.99343 


7569 
Sonabobs 
249958352 
2.996073 
2.9965117 


3804 
ono. 
2.9982593 


7 893 
Re ae 
2s 9786826 
2.9791335 
2. Eh 
2.980043 
2.9805033 
2.9809573 
209814108 
28239 
9823105 
aaa meee 
842202 
Beige 
2.9841221 


2.9345723. 


2.9850221 
aaaee 
2 SE 
2 986368 

2.9868165 


2.9872640 


877109 
ey ee 
2.983603 § 
2.9890492z 
2.9894943 
29899390 


2.9903 333 


938271 
ee 2704 
2.9917133 


, 2.9921557 


9935977 
2.993039 
2.9934803 


2,9949210 


2.9943611 


2.9948009- 


9952402 
aapsore 
2.9961175 
2.9965554 


| 2.9969930 
ela 


67 
i 9786 7 
2 gpb3020 
2.9987387 
2.9991740 


~.2-9996090 | 


29778150 
foyge718 
“33 9787282 
2.9791840 
209795394 
2.98009 43 
2.9805 487 
2.9810027 
2.9814502 
 2.9819092 
2.9823617 
2 G828138 
2.433205 4 
2 9837185 
2.984167 
2,98460173 
2 9850670 
GaSe 
2.985505 
2.9864134 


72 9873087 


6 
87755 
eoadeod I 


2.983048L 


83 
2.48953 
ag 9899835 


29904277 


08714 
ier ve: 
2.9917575 
249921999 
2.9920419 
2.9930834 
219945244 
2:9939°5° 

4405 

2 9948443 
| 2.995284! 
-2.9957229. 
2.9961513 
2.9965992 
2 9970397 
» 2.997473 
4.997907 
| 2.9983465, 
2.9987823 


ve 9868613. 


2.9890937 - 


6 
g217 
2.9996524 | 2 


5.977 8607 


2 9783175 
29787738 
2.979229 
2.9799849 
2.9801398 
2.9805942 
2.9810481 
2.915015 


2.9819544- 


239324009 


2.93285 89 


ee a 
2.983761 

2.9842122 
2.9846623 
2.9851120 
2.9855612 


| 2.9360099 
2.98645 62 


60 
2.98690 
2 9873534 
2.9878003 
2.9882467 
2.9886927 
ead the 
29895833 
2.9990279 
2.99047 21 


2.9909158 


13590 
Hea at: 


2.9922441 


2.9926860 


29931275. 


.993 5685 
BEA BSA: 
9944491 
Ro 
ede 
2.99576 


2.9962058 


2.9966430 


2.9970804 


2.9975174 
29919948 
2 9933908 
2.998825 


2.9992014 | 


2-99) 09 om} 


83031 
a arBatak 


2.981093 4 


29779204 


29792751 
2.9797504 
2.9801852 |} 
2.9806396 


2.9815468 
2.981 909m | 
2.98345 28m 
2.9329041 | 

EERE) | 
29880008 | 
2.9842572 
2.984707} 


-2.9851569 


856061 / 
abe | 1 
2.9865030 — 
269869508 © 
2.987398! | 
oe Ee: | 
2.9882913 

8387373 
75851828) 
29896278 


3 
2.99097 23 


05164. 
29909601 
269914033 


i 


29927302 
2998178 
2.993612 ; 
aeereeet | 
4495 
299493°7 
od 9953719 
2 995810 
@: bora | 
2.9966868 
2.9971 242 \ 
2.997561 


29979978 


34337, | 
a 
2. 9993040 | 
29997 cS 


20777520 
249784088 
2.9788650 
ie Le eit 
2.9797759 


2.9802307. 


2.9806850 
2.9811388 
2.9815921 
2.9820450 
2.982497 4 


| 29829493 | 
-[ 2.9834007 


(2.9838517 


29843022. 


}.2-98475 23 
2.985 2019 
} 2.9850510 
2.9860996 
2.9865478 
| 2.9869955 
29874423 
2.9878896 
_ 2.9883360 
2.9887818 
2.9892273 
2.9896722 
2.99011 68 
2«9905608 
2199 1OO4+ 
29914476 
2.991 8903 
. 2.9923326 
; 29927744 
249922157 
| 2.99365 66 


29940971 | 

F 2.9945371 | 
“} 2:9949767 | | 
| 2.9954597 | 


2.9779978 
2.9784 544 
2.9789106 
2.9793662 
2.9798214 
2.9802761 
2.9807 304 
2.9811841 
2.9816374 
2.98z0902 
2.9825426 
2-9829945 
2.9834459 
2.983 8968 
2.9843473 


2.984797 3 
2.9852468 


249856959 


2.9888 264 
29892718 
2.9897167 
2,.9g01612 
2.9905052 
2.9910488 
2.991 4919 
2.9919345 
2.9923768 
2.9928185 


? 2.9932598 


2.9937907 
29941411 


29945811 
2.9950206 


2.995 8083 


| 2.9903365 


2.9967743 


4 2.9972116 


2.9976485 
2.9980849 
2.9985 209 
2.99895 04 
2.9993916 


| 2.9998262 


2.9915362 


to 10000. 


. pase aes 


2.97 80435 
2.9785001 
2.9789 562 
2.9794118 
2 5798669 
2.98032140 
2.9807758 
2.9812295 
2.9816827 
2.9821355 
2.9825878 
2.9830399 
2.933 4910 
2.9839419 
29843923 
2.9848422 
2.9852917 
2.9857497 
2.9861893 


3 
2.978089 2 
2.9785457 
2.97900i7 
2.9794573 


2 ORO9 b24 0 


2.9803670 
2.9808212 
2.9812748 


f 2.9817280 


2.9321807 
2.9820430 
2.9830848 


‘29835361 


2 9839869 
2.9844373 
2.9848872 
2.985 3306 


~ 2.9857856 


2.9862341 
2.9866822 


2.9871298 - 


2.9875769 
2.9830230 


2.988 4698 


2.9889155 
2.9893608 


| 29898057 
| 2.9902500 


2.9910931 
2.9919788 


| 2.9924210 
| 269928027 


2.9933939 


2.9906940 


| 2-9911374 
| 2.9915805 
| 2.920230 


2:9924651 
2.9929068 
2:9933480 


| 2.99373388 
qe eben 
| 2.9946690 


2.9963803 

2.9968180 | 
2.9972553 
2.997921 
2.9981285 
2.9985 645 
2.999@000 
2.9994350 
29998697 


2.9951085 


1 2.9955474 


2.9959860 


2.9964241 


2.9968618 


| 2.9972999 
| 269977358 


2.9981721 
2.9986080 
2.9999435 
2.9994785 


2.9999 131 


2.9781348 
24978591 3 
ee 
2.9795028 
Fe990579 
209804125 
2.9808066 
2,.9813202 
2.9817733 
2.9822260 
2.98267382 
7.P aN 299 
2.9835812 
2.98403 20 
269844323 
2.9849322 
2.9853316 
2.9858305_ 
2.9862790 
2.9867270 
2.9871745 
2,9876210 | 
2.9880682 — 

2.9885 144 
2.9889001 

2.9894053 
2 9898501 ° 
2.9902944 
2.99073 83 
2.9911818 
2.9916247 
2.992007 3 
2.9925093 
209929510 
2.9933908 
2.9938329 | 
BO 4ET SY 


“2.9947130, 4° 


ego 
2.9955913 
2.9960298 


2.9904679 


2.9969055 


29973427 | 
1 2-9977794 
4 2.9982157 


2.9986516 ~ 


4 2.9990870 


2.9995220 
_2.9999560 


Bi i ri 


“A Table of Artificial Sines, 


M! Sine, 


~G} 2» 209000c|L0,0000000 


119-463 72611 9.9999999 
2|9-704756+19-9999995 
319-940847 319-999999' 
4|7-005786¢}9-9999997 
6}7.162696c}).9999995 

1 6}7-2448771}9-9999993 
1 9}7-3088239}3-999999! 
+}7-306815719-9999988 
g}7-417968119-9999985 
1¢|7-463725519-99999 82 
fi al7-505 £43119-9999978 
1217-5429065|3-9999974 
11 3|7-5770684|9-999995¢ 
1 4\7-00985 30}9-99999 64 
15|7:6398 1 6019.9999955 
1, 6|7-0078445/9.9999953 
11 7|7-694173319-9999947 
br $]7-718996619.999994¢ 
119|7-742477519-9999934 
12017-764.7537(9-9999927 
i2117-785942719.9999919 
922|7-8061458!9.9999911 
12317.825450719.9999903 
12417-84393 3819.9999894' 
2517.861662319 9999885 
2617.878595319.9999876 
127|7.895085419 9999866 
12817.9108793/9-9999856 
1291749261 19019-9999 845 
13017.940841919-999983 5 


Sine. 


o Degree. 
Tang. | 


0.0000000 
6.4637261/°3 5302739 
6.754.7562|13.2352435 
15-9408475|13.0591525 
7.065 7863/1 2.934213 7 
701626964|1 2.837 3036 
7-2418778|12.75 31222 
7-3088248|12.6911752 
7.36681 69|12.63 31831 
74179096] 2.5 320304 
7.403727 3|12.5 3602727 
7+5051205/12.4948797 
72542999 1] 12.4570909 
7+5776715|12-4223285 
7.60935 66|12.3001434 
7.6398201 |1 263601790 
7206784G2|12.3321500 
7.6941 786|02 3058214 
7¢7190026}12.2809974 
7:7424841]12.2575159 
1727647610]! 2.23 52390 
7.7859508|12.2140492 
7+8061547/12,1938453 
7.8254604112.1745396 
7-8439444]12.1 560556 
768616738) 12,1383 262 
7.8787077|12.1212923 
7.8950988|12.1049012 
7.910893 8]}12.0891062 
7.9261344112.073 8656 
7.94085 84j1 2.0591416 


Tang. 


od 


“Tofinite. 


89 


Secant., 


10.000000-| Infinite. |6c 


10.0000000]13.§ 362739 Sole : 


{0.000000 1 |! 3.2352439}5 
£0.0000002]!3.05915 27157] 
10.0000003|!2.934214c]5C} 
10.0000005|!12.837304015 5) 
1@.4000007|12.7581229}c4] 
10.0000009|'2-6911761/53h 


10.000001 2|12,6331843152) 


10,0000015|!2.5820319}51 
10,000001 8} 2.5362745}50 


10,0000022|! 24943819 49 


(0.0000026]!2.4570935148] 


10'0000031|'2.4223316)4 


10.0000036|!2.3901470] 46). 


10.0000041 1243601840 46 
10,0000047|12.332155S144 

10.000005 3}'2.3058267\43) 
£0.0000060|12.2810034{ 42] 
10°0000066}12.2575225|4i) 
10.0000073| 2.235 2463] 40 

190.0000C81}12.2140573 39 

10,0000089]! 2.19385 42|38 

10.0000097| 1 208745493137) 
10.0000106)12.1560662]3 6] 
10.0000115}12.1383377/3 51 
10.00001 24]12.121304713 4} 
{0.000013 4]12.10491 463 3 
10.0000144]1 2.0891 207]3 2 


(0.09001 55]12.0738810}31) | 


10.0000165]12.0§91581)30) 


Degrees. 


aye 


Wes & 


—Tangents, and Secants. 


- © Degree. 


ec 7-G4OR%410 929999835 
| 13117-95 5981919.9999823 
3217.968869819.9999812 
| 133}7-982234419.9999300 
- 13417-99519801g 9999788 
| [35|8.007786719.9999775 
36 $.0200207 9.9999762 
37\8.031919519.9999748 
38)8.043 $00G19.9999735 
39}8.054781419.9999721 


919-9999644 
2/9.9999528 
, 9.9999611 
147)8.135810419.9999594 
-148)8.1 44953 219.9999577 


/14918-153997519.9999559 
50/8.1626808 eters; 


51 8.171280419.99995 22 
(152|8.17971 2919, 


Tang. 

7.94085 84 12.0591416 
7:9550996|1 2.0449004 
7-9688886]i2.0311114 
7 9822534|12.0177466 
7:9952192112.0047808 
8 0078092 F1.9921908 
8.020044 5]11.979955 5 
8 0319446)11.968055. 

8.043 5274)11.9564726 
8.0548094'11.9451906 
8.065805 7/11.9541943 
3.0765 306)11.923 4694 
8.08699701 1.9130030 
8.0972172)1 1,.9027828 
8.107202511.8927975 
8.1 16963 4/1 1.88303 66 
8,1 265099)1 1.8734901 

8.135851011.8641490 
8.1449956,11.8550044 
8.1539516,11.8460484 
8.1627267)11.8372733 
8.1713282'11.82867:8 
8.179626 1.8202374 

8.188036411 1.811963 6 
8.1961556111.8038444 
§.2041259 11,7958741 

8.2119526111.7880474 
8.2296408]11.7803592 
8.2271953|11.7728047 
8.2346208|11.765 3792) 
8.2419215|11.7580785 

a ee 


‘Tang. 


8 9. Degrees. 


Secant. 


10,0000165 12.059158: 
10.0000177]!' 2.044918 i 
10.00001 88] 2:03.11302 
£0,0000200|1 2.017766 
10,000021 2]! 2.004 802c}2 
10.0900225}11.9922133 
10.000023 8]! 1.9799793 
10.000025 2}11.9580805 
10.0000265]11.9564991 


110.0000279]11.9452186 


10,0000294|!!.9342237 


10.00003 09)! 1.923 5003 
10.0090324|11.9130354 
10,00003 40} 11.9028168 
10000003 56|1 1.89283 31 
10.000037 2} 11.8830738 
10,00003 89] 11.873 5290 
10.0000406}11.8641896 
10.9000423}1 1.85 50468 
10.0000441}11.8460925 
10.0000 456] 11.8373192 
10.0000478]11.8287196 
10.0060497]|11.8202871 
19.000¢516}11,81 20152 
10.00005 36]11.803 8986 
10 00005 56)1 147959297 
19.0090576)11.788105! 
10.0000597]11.78041 8¢ 
10.000061 8]11.772%8665 
10,0000640}1 1.765443 

10.0000662}11.7581447 


HS Secant. 


[3.296206719.999915¢ 
1 c13,3025 460 
. me 7.308794! 9.9999 10¢ 
8-3 1495 319.999907. 
q 3.3210269 3) 9999047 
33.3270! 6319.9999021 
3.332924 719.9998994 
529}9.99989 66 


‘Tang. 

8.241921 git t-7580785 
8.249101 5|11.7508935 
8.2501649]11.74383 51 
3.263145 3111.7368847 
8.2699 5 53]11.7300437 
8 276691 2|11.723 3088 
8 233323 4{t 147105700 
8.28935 5911.7101 441 
8,2962917)11.7037083 
8 30263 35)11.6973665 
3.30888 42)11.6911158 
8.3150462/11.6849538 
8.3z2b1221111.6788779 
8.3271143 11.6728857 
3.3330249,1 16669751 
83 3388563 11.6611437 
3.34401 05 1 150553895 
8.3502495 11-6497105 
3.3558953 11-6441047 
8.3614297,11.6385703 
3.3668945 11.63 31055 


18.37.2291 5)11.0277085 


8.3776223|11-0223777 
8.3828886)11.61 71114 
3.388091 alt 1.6119082 
8.3932336)1 1.6067 664 


18.3983152 11.6016848 


213.403 1990N- 

zr 3.408 1614 9998577 
Jac} 35413067 619.9598544 
9.9998512 


‘ ‘Sine, 


cE 


8.4033381 11.5966619 
8.4083037 11.5916963 
8.413 2132 11.5867868 
8.41 80679] 1 1.531932! 


"Tang. 


__ 88 Degrees. 


\Secant, 

19,00006 2% 11.75814.47]. 
10,000008441 1.750968 
10.0000706|1 17439057 
19,0000729111.736957€ 
(0.00007 53|E 167301190 
£0.00007 76] 11.723 3864 
10.0000800}! 1.71675 6% 
§0.0000325}11.7 102266 
10.00008501 #1 -7037933 
10.000087511 159745 4C]5 
19.0000990}! 15 
19,00009 26}11.6850464) 
10.0090953|11-0739731 
£0,0000979| 1 1.572983 7 
£0,900 100611 1.46707 57h 
10.0001034{11.6612471 
Lo ooo1oSr}t1:6554957 
10,0001089] 11-6498195}4 
(0.900111 8} 01.6442 26544 
fo.coorr47fi4.6 

1o.co0t 176 11,0333 231 
10.0001 200}1 1.6278290)39 
10,0001236}1 1.622501 2438 
19 0001 200\1 1.61723 80)37 
10.0001297|t1.61 20378) 
10 0001328)! 1-6068992 
[0.00013 59|11.601 8207, 
(0.000139 1} 1-596801 
10.00014.23}11.5918380 
10,000 1456} U1. 5969324131 
10.00014 38 11.5820810 20 


: | Secant.|M). 


evibiobafe can beemitnye) + 62 ie wi eS ame 


| 8.427 4621 99998445 
bee 99998411 
348 436799919 9998376 
3518.441394.419.9998342 
36)8-4459409}9.9998 306 
13718-4504402}9.9998271 
38/8 454893419.999823 5 
8.459701 319.9998199 
49)3.46366.4919.9998162, 
41|8. 8.467985c 9. 9.9998125° 
if 8.472262019 9998088 

31847649 8419.9998050 
44)8.480693 219 9998012 
15/8 48. 484347019 0997974 
40)8-48896 3 2/9.9997935 
3.4930398]19.9997896 
48)8. 4970784)9.9997856 


11]8. 50897 36)y.9597736 
5218-51 2867 319.9997 695 
13/95 16726419.9997653 
4 petess14p.9097612 
5|8.$243430)9.9997570 
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17)3-531828119.9997484 
} £18.53 55228)9.9997441 
9/8 5391 863!9.9997398 
© pe 428 69219. -9997354 
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t9]8.501079819.9997817 
po ]P-505044719.9097776' 
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Tangents, and Secants. 


I Degrees. 


{8 4180076 1175819321 
8.4228090/11.5771310 
8.42761 711.5 7238241! 
8.432355c141.5 76850 
3.43.69622|11.5630378 
3441 $603 F1.5584397 


3 4401 103/1 1055383897]! 


8 4506131{11.5493869]; 
gE 5069913 5449301 
8 4594814.11.5 405186 
3.40584 86 Tt. 53615144! 
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ie ocr 4st 
10,0001 522 
10.0001555 
lio. O00! 5 Boll 1.567843¢ 
10.0001 624{1 145632001 
10. 10,0001658 11.5 58605¢}: 


10. 10.0001 694 114554059! 
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|10.0001765}11.5451066 
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10.0001 838)11.5363351 
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11.5772832 
bi /Aye/ 2 


8.468 4081725 Li. 5348275 
BAPE SS IR) M2454 02 
8.476093 3)11.5233067]: 
8. 4808920, 1t.5191080 
8.4 850505 1145149495). 
8,429 1696,11.5108304], 
84932502 11 5067498). 
3.49729281 [5027072]. 
8 501298211.4987018] | 
$.505267111.4947329 
3. 13692001 118-4 4997999 
8. 5130978)11. 4869022, 
8 ¢16g610l11. 4830390 
8 §207902/11.4792098 

8.5245 800/11.475 4140 
8. 5283490 i 1.4710510 
oat 2079 {11.4679203 

8.535 7787]11.4642213 
B.§39446!|«1.4605534 
8 5430835|11.4569162 


Tang. 


84 Degrees. 
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10,00019 50/1 1.523 5016 
10.0001988) 11. 5193068 
1O,0002020)11.5151521 


10.0002 32065 a 53110368 
1o,0002T 041 I. 5069602 
'10.0002144]11 5029216 
10.0002 1 83}11.4989202 
10,0002224] 114949593 
10.0002264]1-1.4910264 
10.0002305}11 4871327 
10.0002347}11.4832735 
10.0002388j11.4794486 
10:0002430}11.4750570 
10.0002473}11.4718983 
10.0002516)11.4681719 
10.0002559]11.4644772 
10,0002 602)t 1.46081 37 
10.0002646]11.4571 803 


218.5 42819219.99973 54 
I 8.5464218 9-99973°9 
218.5499948 9.999725 


— 


5639994,9-9997082 
56743 10)9-9997036 

199990989 
8.5742139) 


Lt 8.58089 23'9.9990846 


12|8.5841933 9.9996798 


1318.5874694,9-99967 49) |. 


418.5907 209 9-999670¢ 
15|8-5939483'9.9996650 
116|8.5971517 9.999601 
8.600331 7/9-999955° 
1 8[8.6034886,919990500 
19 $.6066226 9-9995449 
20|8.6097341 9.999639! 
2118.6128235 9-999034© 
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8 6189369 9-9996242 
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9.99961 36 
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8.630911 1\9.9996028 
'8.633.8537/9 9995974 
8.6367764 9-9995919 
8.639796 9 9995865 


| Sine. | 


9.9996942| | 
1018.5775660,9.9990894] | 


| 


at 


10,.000273 5 1 1.45000 
'10,0002780|11.44646 
'10,0002826| 1 104429464150), 


'10.0002872 11.4394590156 


113628155 
11.3599069 


Tang. 


6.000291 8|11.4360008 
10.0002964| 11443255 
10.000301 111.4291 
10.000 3058] 11.42578! 
10.0003106 


10.0003154|11 pee 


10.9003 202)11.4158007 
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ILO 0003300) 1. 4092791/4( 


10,0003350)11 4005 NAS 
10.0003 399|11-4028483)4 
10.0003450)! 1.3996683 
10.0003 500|11.3G6511 
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10.000391 8|11-37205 
10,0003972|11.35908 
10,0004026}1 1.36614 
10,0004081]11.363223¢ 
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2 Degrees. 


| €|8.6396796\9.9995 865 
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:3)8.6452742/9 9995097 
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).013.667689 319.9995 295 
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1-2/8.6730804|9-9995176 
9.318.675751619-999511¢ 
4j3.678405 219-9995056 
. 18.68 104 35 9-9994996 
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He 
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i 
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| 
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| 
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. 
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3.678899U]11.3211004 
36815437] 11-3184563 
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3.6945292|11.3054708 
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3.70464 O5]11.2953535 
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57145345} '1-2854655 
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| Tang. 
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10.9004764|1 1.329405 

10.0004824}11.3 269196 
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F_5]8-730088219.9993708 
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8.72895 89q|f 162710441 
8.7313174 11. 2686826 


|} 10,00065 67 11,260030G il } 


-2547933 
2525208 
3.7497400|11.2502600 
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11.1893 166} 


11.1873593 
(1.185 4106 


11.1834706 
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{r|8.8630139]9-9988 41413. 
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9-998813 5 
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10°OO11772 11.1335455 47 Ae 
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4 Degrees. ! 
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|| Tang. 
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131|8.896245519.9986492 |8.8975963]11.1024037 
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— <= 
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10.0013406 
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4118.911948719.9985475) 
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47|8.921103419.9984848 
48|8.922610519.9984742 
4918.92.41 12319.9984636 
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§1|8.9271003}9.9984422 
§ 218.9285 86619.9984315 
3{8-930067 8l9.9984207 
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8.9134012,11.0865983 
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10.001 4525{11.08805 13 
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110.0014837/11.0834496 
8.9195675'11.0804325), 100014942 11.081926¢ 
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8.9226186 11.0773814| 
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8 9256487 11.0743513 
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8.9316471/11.0683 529 
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8.93461 6o)1 1.065 384° 
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3.9477338|11.0522662 
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4959]! 1.0285 041 
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10.0018960)! 1.030400 1139) 
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ry 72009 509619.9977 194 
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8.9901457 
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11,00595406 
11.0046633 


1140039" 54) 


11.0020919 


11.coo8117} 


1939995353 
10.9982625| | 


10 9969934 


9.004.2721|10.9957279 
9.0055 340/10.9944660] — 
9.0067924|10.9932076 
9.0080471]10.99195 29] 
9 0092984) 10 9907016} 
9. 7.0105 461 10.9894539 
9.0117903|10.9882097 
9.013031 0]10.9869690 
9.9142682]10.9857318 
9.015 5021110.9844979 
9. 10167325 10. 10.9832675 
9-01 79594] 10 9820406 
9. O1gi83t KDE 9808169 
9.0204033|10.9795967 
9.02 16202)10.9783798 


‘Tang. 
84. Disred 


G 


Secant 
.© OOZ004O|1 1.018427 
§0.00201O2|11O.17117: 


10.0020284|!1.0158111428 


10,0020407|11.014509¢ 
10.0020530}/11.013210¢ 
10.0020653|11.011916€ 
10.0020777/11.0106263 
10,0020901) 1 120093398 
10.0021025|1 1.008057}; 


\10.0021 150} 11.0067783 
10.0021 275/11.0055032 


10.0021 411,11.004231¢ 
10. 0021§27/T 1. 0029644 
110 0021653/11.001 700€ 
41oooz17801 1,0004406 
10. 10.0021907|10 9991 84¢ 
10.002 2034|10.9979 313 

10.0022162|10. secoear 
10.0022290)10. 9954366 
‘10. 002 2418|10 9941947 
10.0022547 10.9929564 
10. 0022077 10. 0.991 7214 
10.0022806/10.9904904 
10,0022936/10.9892626 
10.002 3067] 10.98803 84 
10 0023197|10.98681 77 
10,0023 328|10.9856004 
10,002 3460]10.9843 865 
10,0023 592|10.9831761 
10,0023724]10.9819691 
10,0023857 10.9807654 


Secant, 


3\9.022825 419.9975743) 

419.0240157|9.9975 609 
519.025 2027/9.9975475 
| ©19.020336519.9975340 
| 719.0275669|5.9975205, 
| 89.0287442)9.9975069 
| 919.02991 8219-99749 33 
HESI9.03 10890}9.9974797 
I! 119 032256719.9974660 
11219 033421219.9974523 
11319.034582519.997 4380 
I'419 035740719.9974248 
15\9.036895519.99741 10 
_ f£i9.038047719.9973971 
{§719.0391966}9.9973833 
1519 0403424[9.997 3693 
£519.041 485 219.9973554 
12/9.042624619-9973 414 
17 "19.043761719.99 73273 
2219.04.4895 419-997 3132 
2319 0460261 ]9.9972991 
2419.0471538}9-9972850 
2519.0482786])-9972708 
2Ci9,.0494005]/9-9972565 
7249.0505 1941 9-997 2423 
28 9.05163 54|9-9972280 
2019.05 27485] )-9972137 
3£)9:05385881) 9971993 


| Sine. 


ea EN 
ne 


9 024044.1)10 9759559 
9.02525 10)10.974749° 
9.0264548)10.9735452 
9.0276552|10.9723448 
9.02835 24}10.9711476 
g.0300464/10.9699536 
J 0312373|10.9687627 
19.03 24249|10.9675751 
9.29 3R00d kOe o rey 
9.63 47906|10.965 2094 
9.03 59688/10.9640312 
9.0371439|10.9628561 
9 0383159]/10.9616841 
9 0394843}10.9605152 
) 0 F0%506)10.9593494 
J 0418134/10 9531866 
9.042973 119.9570269 
9.0441299/10.9558701 
92045 2836]10 9547164 
9-04043 43|10.9535057 
90047 5821/10.9524179 
9 0487270}10.9512730 
302498689] 10.9501311 
9.05 10078/10 9489922 


9 0521439]10.9478561 
}0532771|10.9467229 
9 0544074|10.9455920 
) 0555349}10.9444651 
9.05 60595|10.9433405 


Tang. 


83 Degrees. 


of Artificial Sines, 


Secant | ‘ 
10.0023857 15 4 
10.0024123 | 
10.002425 710.9771 746157) 
10.0024391|10.9759843}56) | 
10.00245 25}'0.974797315 5} 
10.0024.660|10.97 36135154 
10.0024795(10.9724331193] 
10.002493 1110.G712558leay 
10,002 5067|10.970081 8} 51} 
10,0025 203/10.9689110} 5a} | 
10,0025 340]10.967743 3149] | 
£0 0025477/10.4665783} 48) 
10°002561 4{10.9654575|47] 
10.0025 752|10.9642593] 46) | 
10.0025 890]10.9631042]45} 
10.0026020]10.96195 23 44 e | 
10,0026167| 1049608034] 43} 
£0,0026307|10.9596576,42} | 
10'0026446110.958514814i} 
10.00265 86/19 9573751 {41 
10.0026727| 10.95 62383 30 
10,0026868/19.9551046)38} 
10.002'7009 4 


9 

of 
7 
Gf 


10.95397391371 
10,00271 50] 10.95 28462136] 
10 0027292)10.95 17214135 
10.C027434 


10.0027577 
10,0027720 


10.0027863 
10.0028007 


a Poe 


Secant. (Mir 


Langents, and Secants. 


[5cl9.053858 |9.9971993 
3119-05 4906119.9971849 
3219.05C0706\9.9971704 


4]9-058271119.9971414 
9.059367 219.9971268 

1 13619.000460419.997 1122 
37192061 5 50919.9970976 
1138]9.06263 86|9.9972829 
3919106372 3519:9970082 
40|9-064805719-9970535 
41}9.065835 219.99703 87 
42|9.066961919.9970239 
143|9-06803 6019.9970040 
4419-069107419.9969951 
45|9.070176119 9969792 
4619.07 1242 119.9999642 
447|9-072305 519-9969492 
}148|9:0733663/9.99693 42 
4919-074424419-9969191 
5019-075479919-9969040 
511900765 3.2919.9968888 
5219.0775 83 219.9968736 
5 319-07 863 1019.99685 84 
54]9-07967 6219.9968431 
9968278 


5 819.083 831 719.9967817 
1159|9:084864319.9967562 
|1$919.085 894519.9967507 


6 Degrees. 


| Tang. 
D570) 95 
19-0577813 
9.05 8gco2 
9.06001 64 
9.0611297 
9.0622403 


be deans! | 
10.9422187 
10.9410998 
10.9399 836 
10.9388703 
10.9377597. 


9.053 3482 
19,064.45 33 


‘9.0655556 


9.066655 3 
G-0077 542 
9.0688465 
9.099381 
9.0710270 
9.9721133 


10.936051 8) 
10.9355467 


10.934444.4 
10.93 33447 


10.9322478 
10.9311535 
10 9300019 
10.9289730 
10.9278867 


9.073 1969 10,9268031 
9.974279 109257221 
9.0753563|10:9246437 
9.07643 21| 10.923 5679) 
192077505 3110.9224947 
9.0785 760}10.9214240 
9 0796441]10.9203559 
9.0807096|10.9192904 
g.0817726}10.9182274 
19.08283 33|109171669 
9.083891 1110.91 61089), 
9.0849466]10.9150534 
9.0859996]10.91 40004 
9.0870501{10.9129499 
g.0880981{ 10.91 19019 
9.089143 8]10.98085 62 
Tang. 


83 Degrees. 


G2 


Secant 


10 0028007 (0.9461 412 
10.© 2315§1/10,945033¢ 
10,6028 296/10.9439 29.4 
10.0028441|10.942827~ 
10 0028586]10.941728¢ 
10.0028732|10.94063 2 
10,0028878 1009395396 


10.002g024|10.9384491 
10.0629171{10. 


10.0029465 10.9351943 


10.002961 3)!0.93 41145) 


10,9029761/10.93 30381 
£0 0029910|10.93 1964c 
10 0030059|10.930892¢ 
10.0030208|10.929823¢ 
10.00303 58 10.9287579 
10.0030708|10.9276945 
10,0030658,10.92663 37 
10.0030809/10.925 5756 
10.0030g960/10 9245201 
10.0031112 
10.003 1264 


3614! 
| 1 0.0029318110.9362765 


10,9234671} 
10.9224168} 
10,0031416/10.921 3690} 
0.003 1569]10.9203 238} 
10.0031722|10.9192811| ¢ 
10,003 1875/10.918241¢} 
10.003 2029]10.917203 4} 


N 


N ww 


10,003 2183/10.9161683} » 


10.0032338|10-91 51357; 
10.00334931£0.91 41055 


Secant|} 


A Table of Artificial Sines, _ 
7 Degrees. 


19-0991 438]10 g108552 


—1(9.0869221 9-9967352 
219.0879 47319-9967 196 
9.083970019.9967040 
419.0899903)9-9966884 
5]9.091 0082 9-9966727 
619.0920237|9.99665 70, 
9.093036719.9966412, 
819.094047419:995625 4: 
919-09 505 56/9-9966096 
1.096081 5|9.9965937 
11}9.097065 1|9.9965778, 
12|9.0980662|9.9965619 
1319.099065 119.9965 459) 
14|9.1000616|9.9965 299 


J-10 1055 8)9.9965 138) | 


1619,1020477|9.9964977 
17}9.1030373|9.9964816 
1819,104024€19.996465 5 
19}9.1050096/9.9964493 
2019.105992419-99643 30 


<= 


3.0901 869 10.9093131 
g.0912277|10 9037723 
g.0922660|10.907 734° 
9.093 3020}10.996698¢ 
9.0943 353/1 0-005804 5 
3-095 3067 1 0.904633 3 
9.0963955110 9036045 


'9.0974219|T0.9025781 


9.0984460/10.g0r8 5540 
9 0994678 10.9005 322 


9.1604872|10 8995128 


600033746 
11 0,003 3.904 
10.003.4063 


10.093 7493 
(0.003204¢ 
10.063 2804 
10.003 29 4¢ 
10.003 3rI¢ 
10.003 3273 
10.003 343C)10.907 970315 
10 0033588/10.906963 31521 
10.G0595 2015 24 
10.90494 4451] | 
10.G039385}5ct 


— 


10,0034222|10.g0293.491 461 | 


10.91 4105<|9 | 
10.91 30771 


3]{£0 0034381 10.5019338 De | 


10°0934541/10.90093.4C147]) 
¥0.0034.701|10.8999384]4Ch 
10.003 4862/10.3989442|45] 


2119.106972919.99641 67119. 


22/9,107951219.9964004 
23\9.1089272|9.9963 841 
2419.10ggo10l9.9963677 
2519.1108726}9.9963513 
2019.1 118420}9.9963 348 
2719.11 2809219.99631 83 


2819,1137742]9.990301 8\ 19. 


‘{?9[9.114.737019.996285 2 
9.1156977)9.096268¢| 


10.003 5023|10.897952 3144] 
10,0035184|10.8969627/431 | 
£0.0035345/10.8959754/425 
10°0035 5 27/10.8949904]41) 
10.003 5670]10 8940076] 40} - 
Lig 39} 
10.903 5996] 10.8920488)3 8} 
10.0036159|10.8910728)37| — 
10.00363 23110 8900990}34] . 
10.0036487|10.8891274]35] 
10.603 665 2] 10. 8881580]34] 


Tangents, and Secants. 


324). aes ENE 

).118566719 9962185 
3 (ae 79902817 
—— 


‘Wyol.124247719.9961 174). 


—|4clg 125187219 996t004 
41]9.120124¢ 19.9660834 
$2(9.1270600|9.9960563 
$3)9.1279934|9.9900492 
$419.1289247/9.99603 21 
45}9.12985 39)9.99501 49 
$019.130781 2199959977 
4719.131706419-9959804 
-{#819.1326297|9-995903| 
4919.13 3550919-9959458 
$¢19.13.4470219-9959284 
» 1349-13533751/%995911t 
$219.136302819.995 8930 
| 193}9.137216119-9958761 

$419.1 38127519-99585 86 


$7/9.1408501(9. 9958059 
45819.141753719.9957882 

14265 55|9-9957795| |) 
60 Spee 212.995 7578) 7-14 


7 Degrees. 


| 


Tang. 
1.119429! 
| }.1 294043 
).1213773 
9.1223482 
FALZIRt 
) 1242836 
3.125 2486 
).1262112 
9.1271718 


).12813.03] 


).1290868 


])-1300413 


11309937 
):1319442 
01328926 
)-1338391 


10. 10.8805 709 
10.8795957 
10,8786227 
10.8776518 
10.8766829 


1068757161 


10.8747514 
10.8737888 
10.8728282 


10.871 8697) | 
“110.093 38996 10.8748125]2¢ 


10. 10.870913 32 
10. 10.8699587 
10.8690063 
10 8680558 
10.8671074 
10. ». 8661 609 


} 1347835|10.8652165 
$.1357200]10.8642740 
).1366665]10.8633335 
9.1376051]10.8623949 
).1385417|10.8614583 
}.1394764|10.8605 236 


).140409 2]10.8595908) 


}.141340C|10.85 86600 
}01422686]10.8577311 
).1431955]10. 10.8568041 
j.144121C/10, 10.8558790 
).1450442110085 495 58 


ee 10.85 40345 
10.8531150 


10.8521975 


Secant. 


— 


10. 10.0037481 ei Tyer 
10.003 7648} 10.8823 875 
10.0037815110.88143 332 
10,0037984/10.8804812 
16.0038151)10. 279531? 


(0. .0038826. 10, | ey 


10. 6039166, 100873875 4)t 
id, 0039337) 10 -8729400|F8 
LO, G39 SOB ee 8720006417. 
10.0039679,10-871075311¢ 
10. eee 10. eee > 


10. 0040369 10,8673703|1 2. ; 


10600405 42|10.8664.49 1}! if. 
10,.004071 610.865 5298 


10. 0041941 10.8591499 
To, sca. ‘18{10. e246 


A Table of A 


119.144453 219-9957 35© 
2.9.145349319-9957172 
3.9 1462435|9-9950993 
4.9.147135 819.995 0815 
_$19.1480262|9.995693 5 
619. 1489148 9-995 0456 
7,9-149801519.9950276 
8)9.150086419.995609 5 
9[9.1511694 99955915 
BOND 152450719-995 5734 


1819.1594354 
19|9.1603005 19-995 4087 


4319,1680081|9-995 2409 
2919.1688559)9.995 222! 
B0l9.169702 119.995 2033 


Sine. 


8 Degrees. 


10.85 21975 
7182|10.8512818 
10.8503679 
10.8494559 


ial Sines, 


-) 'Secant. 


———— 


[110.004.2472 


10,004265¢}10.8555468|sq| |. 
10.0042828}1008546507|58) |. 
£0,0043007}10.853750si571 |. 
10.004.3185110085 28642156] © 
10.004 3365}19.8519738/5 51 
10,0043 544)10.85 1085 2/541 
10.0043724|10.8501985/531 | 
10.004 3905|10.8493136)52) | 


a. Ih 


10.004.4085]10.8484306)5 1} 


|}1.0.0044260110.8475493150) | 


10200444481 10.8466699/ 49] 


| {180.004.4630} 10.8457924148) 


16045 69}10.8395431: 
9.1613.473/10.8380527 
9.1622361|10.8377639 
9.1631231|10.8368769, 


10,0044812|10.8449166147] 
100004.4.995]10.8440426)/46) | 
10,0045178} 10.8431 704145} 
10,0045 361|10.8423000|4 4) 
10,0045 545110.8414314)43 


||£0.0045729] 10.8405 646/42 


9.16489 19|10.835 1081) 
9.1657737|10.8342263 
9.16665 3.8110.83 33462 
g.1675322 10,8324678 
9:1684089}10.83 15911 
9.1692839|10.8307161 
9.1701572|16.8298428 


9.171 898g|10.8281011 
9:1727672110.8272328 
9.173633 8/10.8263 662 
9:1744988 10.825 5012 


(Tang. 


10,0046469] 10.83 71147138) 


100004591 3] 10.8396995| 41) 


'110,0046098]10.83 883761140) 


10,0046283] 10.83 7974613 
10,004665 5|10.8362566137) 
10.004684 1410.83 5 4002/36} — 
10,0047028]10,8345 456/35] 
10.004.7215|10.8336920|g41 
10,0047403]10.832841 4/33] 
10.004.7591110.8319919]32) 
10,0047779|10.8311441/31) 
10.0047967 10.8302979|30| 


1319-1705 46519.995 1844 
(13219-1713 89219.995 1654 


i a ie 


 Langents, and Secants. 


8 Degrees. 


£0.8237761 
3.177084c]10.82291 60 
3-1779425]10.8220575 
7.1787993]10,821 2007 


)-17965 46|10.820345 4 


3.1 7Oz2eC 


114119.178900119.9949933] | 


4219.179726519.9949740 


151]9.1870923|9-9947985 
3219.987902919.9947 788 
133 9.1887120 9:9947591 


).1931241]10.8068759 
5©193952G|10.8060471 


}.197253C]10.8027470 
10.8019257 


19.0052805! 10.8096746 


Lit ia ii alam ee 
Wee eae te A 


| |Secant, 


10,0047,567110.830297¢)3 
10.0048156/10.8294 53 cf-- 
10.0048346 10.8286107 
10 00485 36l10 8277695 
10.004 8720 10.8269301 
10.0048916 10.8260923]? 
10.0049107 10.8252561 
(0.0049298 10.824421€ 
(0.0049490 10.823 588% 
10,0049682 10.8227575]: 
£00049874 10.8219276|2¢ 
10.005 0067 10682 10ggg} IL 
10.0050260 10.8202735 
10,0050454 10.8194485]17 
10.0050648 10.8 1862 5¢{1¢ 
10.0050842 10.81 78040}! 5 
10.00$1036 10.816984c]14 
10,0051231 10,816165¢)12 
10,0051427 10.8153488|f2 


410.005 1623 10.8145335] 11 


10.005 1819 10.81371g5}ic 
10.005 2015 10.8129077 
10.005 2212 10.8110971 
10,00524¢9 10,8112880 
19.005 2607110.8104805 


10.005 3003}10.8088701 
10.005 32C2)10,.8080672 
10,0053401310.8072658 
10.005 3601/10.8064659 
10.0053 80I]10.805667€]- 


rad 39 nl ee Wr CRT yy 


81. Degrees. 


119.195 §29319-9945995 

* 219.195924"])-9945798 
31961967180)9.9945597 
4,9.197511019.9945390 
5194 

| 619.199091319.9944992 
| 7\9-1998793)9.9944789 
| 8]9.2006658\9.99445 87 


~ {r7lg.2076795/9.9942743 


Sines, a 


secant. 


10,005 3391 
10.005 4001 


10.005 4.4.03/10.803 281415 
10.005 4604)1008024890)5) 


10.005 4806}10.8016981/5 §1 | 


150,005 5008|10.869908715 


9.205 4004 10-7945990| 
g.2002072|10.7937925 
g.2070126}10.7929874 
g.2078165|10.7921835 


9 2094203}10.790579 
j.2102200|10.7897 800 
g.2£10184]10 7839816 
g.2118153|10.7881847 


1 


118 9.208451619.9942537} 19- 


[2119.2107597|9-9941914 
2219.21 5 263)9-9941706 
123)9.2122914/9-994149° 
|24]9.21305 52/9 9941286 
J2519.2138176,9-9941079 
2619.214578719-994087¢ 


110.005 5617]|10-798549k 
10.005 5820|10.7977055/50) 
10,0056025110.790983 3/49) 
10.005 622g}10 7902026 48) 


10.0055 21 1{10.8001207)5 


9 
v a 
6 


Bs 


10.005 § 413 ]!+7903342|52 


10,005 6434 10.7954234/47] 
1 0.00566 39}10 79445 5/49) 


Ay 
a 


1.005684 4]10-793 8691/45 


10.005 7050 
10.0057 25 7|10.7923205 
10.005 7463|10.7915 484] 
10.005 7670|10.7907776 
10.005 7878}10.790008 3] 
10.005 8086|10.789240 


||10.0058294\10 7884737] 


9-2204917|10.779 5083 
g.2212724|10.7787276 
9.22205 18|/10.7779482 
9.2228298|10 7771702 


10.005 8502|10.7877086) 
10,005 8711}10.7869448 
10,005 8921|10,7861824 
10.0059130|10.785421 

10.0059341{10.7846610) 
10.00595§1}10.7339033 
10.0059762]10.78314604 
10.0059973}10.782390 


RS Degrees. 


mee Ti 


10.79 30941144) 


10.8048707\594 
10.005 4202}10.80407 53151 


i. 


NET Lee ee eee 
PO aaa ia 
Brae Ss 


; Tangents, and Secants. 


ag Degrees. 


130 
1 13.119-213303519.9939815 
132/9.2191164|9.9939603 
1433)9-219868c}9-993939! 
43.419.22061 819 9939178 
35}9.221367149.9938965) 
319.2221 14719-99397 52 
37/9.2228609]9-993 8538 
38)9.223605919-993 9324 
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10.5873419 
10.5868211 
10.5863007 
10.5857809 
9.4147 383]10.5852617 
9-4152570|10.5847430 
9.41§7752|10.5842248 
9.4162928|10.5837072 
9.4168099]10.5 831901 
9-4173265]10.5826735 
94178425} 10.5821575 
9.4183580|10.5816420 
9.41887 29]10.5811271 
9.4.193874|10.5806126 
Panels 
9-4.204146)10.5795854 
9.420927 5}19.5790725 
9.4214398|10.5 785602 
9-4219515|10.5780485 
9-4224628]10.5775372 
9-4229735|10.57 70265 
9-42 3483 8]10.5765162 
9-4.239935|10-5760065 
9 4245020)10-5754974 
9.4250113110.5749887 
9.4255194|10.5744806 
9.420027 1|10.57 39729 
9.4265342|/10.5734658 
9-4270408|10.5729592 
9.4275 469]10.5724531 
9.4280525|10 5719475 


Tang. 


ite] 52 


Secant 

10.01 40584/t0.601 4004 
10.0140911]10.6009 127 
10.01.4123 8|10,000424¢ 
10,0141566}10.5999375 


10.0141894)10.5994511 
10.0142223|10.598965 2 


10.5 800987 


10.0142551 
10.0142881 
10.0143210 
10:014.3540 
10.0143871 
10.0144202 
Oe Be ae 
10 0144865 
10.0145197 
10.0145 529 
'10.0145862 
\10.0146195 
10.03 46529 


£0.5984799 
1005979952 
10.5975111 
10.§970276 
weelag Mt 


10 5960622 


10.5955804}% 


105950991 
10.59461 84 
1065941383 
10.5936587 
Reece Es 
10.5927013 


10.0146862|10.5922234 


10.0147197|10.5917461}1¢ 


10.0147532|10.591 2694 
10.0147867|59.5907932 
10.0148202]10.5903176 
(0.014853 8)10.5898425 
10 0148875)10-5 893680 
10.0149211|10.5888941 
10.0149548|10.§ 884207 
T0.0149886/£0.5879478 


10.0150224}10.5874755 
10.01 50562] 10.5§87003¢ 


Secant, 


75 Degrees. 


— 


19.4158152|9.9847400 

E 7\9-416283219.9847059 
1 8l9.416750619.9846717 
919-4172174]9-9846375 
10|9.4176837/9.9840033, 
1119.4181495|9.9845690 
1219.41 86148/9.9845 347 
1319.4190795|9.9845004 
1419.419543619.9844660 
15}9.420007319.9844316 
16l9 420470419.984397# 
17|9.42093 30|9.9843626 


1s ‘Degrees. 


4280525 
94285 5751105714425 
9.4290621| 10 5709379 
9.4295 061)10.570433¢ 
9.4300697| 10. 5699303 


9-4.310753 10.5689247 


10 57194751 


9-4305727|10 5694273) 


\Secant. 


10.0150552 £0.587003¢ | ] 


9.431577 3|10.5684227) 11 


9 4320789/10.5679281I} 


9.4325 799|10.5674201 
'9.4330804|10.5669196 


19 4335805|10 5064195} 
19.43 40800 10.5659200]| 
'9.4345791|10-5054209}, 


9.4350776|10.5649224]| 


9 4355757|10-5644243 


1819.421395019.9843 281) 9. 


1919.4218566)9.984293 5 
2019.4223176|9.98425 89 
2.119.4227780|9.9842242 
2219.42323 8019-9841 895 
2319.423697419.9841548 


2419.4241563)9-9841200] 


_ (25l9.42461.4719.9840852 
|28l9.4250726)9-9840503 


904405 295|10-5594705} 


9.4410222|10.5 589778 
Ag 15 145|10.558485 5 


9.4420062|10.5 579935 
G04 4.2497 5|10.5575025}. 


10.0159148}10.57 
10.0159497|10.5749274) 


10.57447011331 | 


9-44.29883]10.5570117| |10- S087: 


| Tang. 
74. Degrees. 


A Table of Artificial Sines, 


of 


| Tangents, and Secants. 


Tig Degrees. 


Tang. _ | Secant. 
fie}9-426898819.9839 05] 19.4429883 10.55 70117 10,01 60895|10.5731012/3¢f 
3 119-427354119.98 387551 19.44 34736)10 5565214) [10.01 61245110057 20450129 
3 219-427808 919.983 840- | 19.4439685}10 5560315] |TO.0101sg6|10.5721911 28} 

319.428263 1/9 98380571 19.4444575| 10 5555421] [10.0161948)10.57173 00127) 
3419-428716519.9837701] (9.444946) 10.5550532| \10.0162299)10.571283 1) 204 
Bee 8 70! 2.003734") 914454352) tons 545 4b) noon b205 2] ors 708209125 
3619-429622819.983699¢] 19.4459232 10°5540768| |10.0163004]10.5703772| 24 5 
_ [3719-439075019.9836643) 19-4464 107}10°5 535893} |10.0163357/10.569925 0123 

319-4305 26719.983629¢| |9 44689758]10°5 531022] |10.0163710,10.569473 31225 
139|9:43°977919-983593 (| |9-4473843)10°5526157) |10.0164064)10.5690221)21f 

4019.4314286)9.983 5582] 19.4478704]10°5 521 296}: edad ai AG da 
4119.431878819.9835227| 19.4483 561}10.5516439} |10.0164773, 1005681212 tof 

4219.43 23285|9.983 4872] (9.448841 3110.5 531587] |10.0165128'10.5676715 18 

4319.4327777|9-983451;] |9-4493260}10.5 506740 |10.0165483)10.5672223)1 7) 
 14419.433226419.983.4161| 19-4498102|/10.5 501898) {10.0165 839}10.5667736 16 
4519-4336746|9.983 3 805] |9-450294¢ 10.5496060 10.0166195}10.566325 4)! 5) 
| [46l9 43.4122319.983 3449] 19.4507774|10.5492226} |10.01665 51)10.56587 77) 145 

la7l9 43.45694/9-983 30921 |9.4512002]10.5487398| |10.0166908|10.565 4306) 3). 
— [4819.43 50161/9.983273 5} 19. : 10.0167265110.5649839)! 25 | 
| 14919-435462319-9832377| |9-4522246]10.5477754] |100167623]10.5645377) 1) 
[5919-43 5998019.983 2019 9.4527061110.5472939 10.0167981}10.5640920} 1 | 
§1]9.4303 5 3.219.983 1661] 19.4531872110.5 468128) [10.0168339}10.5636468| Of 
 15219.436798019.983 1302} 19.45 36678)10.5 463322] [10.0168698}10.5632020 
1 15319 437242219-9830942|19.4541479|10.54585 21] [10.0169058)10,5527578 

5419-437085919-95305 33 10. 19.0169417|10.5623141 

15519-4381 292/9.9830223] 19.455 1009) 10. 10.0169777110.5618708 
1) [5619-43857 1919-9829862|/9. 5710. ’ 10.0170138|10.5614281} gf 

15719.439014219-9829501 19.45 606 10.01 70499|10.5609858} 3: 
5519.4394500|9-9829140]|9, 10,0170860]10.5605440] 2) 
5919-4398973|9-98297781/9.45 70194|10. 10.0171222}10.5601027 
6019-4403 381|9.9828416]/9.4574964] 10. | | 10.0171 584|10.5 596619 


| Sine. Tang. 


ete a Deo rees. |. 


———— 


A Table of Artificial Sines, 


16 Degrees. 


019.4403381 929828416 
119.4407784|9-9823054 
219.4412182|9-9827691 
319 441657619.9827328 
419.4420965|9-9826964 

_519.4425349/9-9826600 
619.4.429728/9.9826236 
719-4434103|9.9825371 

| 819.443847219.9825 506 
919,4442837)9-9825 140 

1019.4447197 99824774 

ft t{9.4451553|9-9824408 
1219.4455904/9-9824041 

13|9.4460250/9.982 3574 

1419.446459 1)9.982 3306 

1.5|9.4468927/9.9822938 

(619.4473259,9-9822569 

1t719.4477580|9.9822201 

11 819.4481909 909821831 


I19l9.44.86227 19.9821 462 


12019.44.905 40,9.9821092 
I21|904494849/9-9820721 
* $2219.44991 5319-93203 51 
23194450345 2199819979 


424]9 4507747|9-9819608] 


2519.4512037 9.9819236 
2619.45 1632219.9813863 
271964520603 |9-9818490 
46 924524879 9.9818117 
i2919.452915 119-981 7744 
39/9-4533418)9-9817370 


Sine. 


pees Degrees. 


49-4674127 


Tang. 

9.457404) 105425036 
945797 30] 10.5420270 
9-458449 110.5415 509 
9-4589248/10.5410752 
9+4594001|10.5405999. 
9.45987 79 Ou FOtea 
9.4603 492/105 390508) 
9.460823 2)10.5391748 
9.4612967|10.5 38703 3 
9.4017697|10.5 382303 
p44 23 Ra Se 
9-4627145|10.5372855 
9.463 1865) 10.5 368137 
9.4636576|10.5353424 
9.4041285110.53 58715 
9-4045990]'0.5354010 


9.465090} 10.5 3493 10] 


9.465 5386|10.5 344614 
9.466007 8|10.5 339922 
9-4664765|10.53352351 
94569448) 10-5 330552 
10.5325373 
9.4678802|10.5321198 
9.468347 3}10-5 316527 
9-46881 39}10.5311861 
9.4692801|10.5 307199 
9-4597459]10-5302541 
9-4702112|10.529 7888 
9.4.706762|10.5 293238 
9+4711407|10.5 283593 
9.4.7 16048)10.5 283952 


Tang. 


Secant. 


10.0171584{10.5590019 60 
10,0171940|10.559221 0159 
10.0172 309|1065 587818153) | 
10.01 72672|10.5 583424157 
10.0173036)1005 579035 56) | 
10.0173 400}10.55 74051 551 | 
10.0173 704}10.5570272154) | 
10.01 741 2g}10.5 565897153] | 
10.01.7449 4105 5 Qi 528)52) | 
'10.0174660]10.5 55 7163/51 

10.0£75226]10.5 552803 50) 


10.0175 592|10.55484.47/49) | 
10.0175959|10.5544096)48) 
10,01 763 26)10.5539759/47) 
10.0176694|10.55354.09/46] 
10.01 77062}10.5 53107 3/45) 
10.067743 1|10.55 26741 4| 
1040177799]£0-5 522414) 43) | 
10.0178169|10.5 51809 1/42). 
10.01.7853 8j10-5513773l44] | 
10.01 78908]10.5 5094.60) 40} 
10.01 79279|10.5505151lz9} 
10.0179649| 10.5 500847|38] | 
10.01.8002 1|10.54965 48137} 

10.0180392|10.5492253|36) | 
10.01 80764 10,5487963135) | 
10.0181137|10.5483678)341 | 
(0.01815 LO}l0.5479397/33) | 
10.0181883}10.5475 121132) | 
'0,0182256|10.5470849/3 4) | 
10.0182630]10.5466582|30) 


Tangents, and Secants. 
16 Degrees. 
Tang. 


).47 16046 |(0.5283952 


3047206 35}10.5279315 
4725318 |10,5274682 
9 472994719 5279053 
)-4734572)10.5265428 
)-4739392} 1065 260808 
9:4743808|10.5256192 
9-4748421|10.5251579 
) 47530929|10.5246971 
).4757033)10.5242367 
):4702233 10.5237767) 
).4760829]10.5 233171 
4771421 10.5228579 


_ (M) Sine. 
3019453341 819.9817370 


3119-453768119.981 0995 
3219-45.4193919.981 6620 
3319-454619219.9816245 
3419-45 5044119.9815870 
3519 4554586)9.9815 494 
3019.45 5892619.9815117 
3719-4503 16119.9814740 
3819-456739219.981 4363 
99/9045 7101 819.981 3986 
4019-4575840 9.9813608 
4119.458005 8|9.981 3229 
4.219.458427119.9812850 
113]9-4588480|9.9812471 


Secant. 


10.01 82630} 10.5 466582130 
10.0183005110.5 462319] 29 
10.0183 380110.545 8061428 
10.0183755]10.545 3808/27 
10,01 84130]10.54495 56] 2¢ 
10.01 84.506)10.5445314)25 
10001 84883110.5441074 
10.0185 260110.5436839 
10.018563 7}10.543 2608] 23] 
(0.018601 4'10.5428382)21) 
£0.01 8639 2110.5424160}2C] 


10,01 8677 1}1005419942 19) 
10.0187150,10.5415729)18 
10.0187529)10.5411520]!7 


4419.4592684|9.981 2091 10.0187909)10.5407316|16 
4519.459688419.9811 711 10.0188289}10.5 403 110)! 54 


}4019.4001079/9 931133: 10.01 88669)10.5398921[14 
4719.4605270)9-9810950 
4819.4609456|9-98105 69 
 14919.461363 819-981 0187 
- [5019.461781 619.9809 805 pore ha tL, 
§1)9.4.62198919.98¢94243 
§219.462615819.980go40 
9319.4630323}9-9808657 
$419-463448319.950827 3 
55 9.463.3639 9.9807889 
156 9-4042790 9.9807505 
5719-46469 3 819.9807120 
15 §19.465108119.980673 5 
5919-4655 21919.98063 49 
6c}9.465935 3|9-9805963 


Sine. 


73 Degrees. 


£0.01 8943 1)10.5390544)1 2 
10,01 89813}10.5386362|11 
10.0190195}10.53821 84] 10 
10,0190577110.5378011] 9 
10,0190960}10.5373842| % 
10,0191343]10.5 369677) 7} 
19.0191727|10.5365517| © 
1O.0192111]10.5361361 


).4817118{10.5182882 
3.4821666]10.5178334 
304826210} 10.5173790 
).4830750|10+5 169250 
7-483 5280}10.5164714 
).4839818}10.5160182) | 
).4844340]10.5155654 
).4848870|10.5151130 
34853390 10.¢146610 


Tang. 


10.0193651]10.5344787| 1 
10.0194037|10.5 3400471 © 


ee: ss 


Bot 


~ A Table 


of 


Artificial Sines, - 


soll 


17 Degrees. 


4M) Sine. 
rj (etgabsaa s 210.9805 903 
| 2]9-466348319.9805 577 


"219.4667609]9.9805 190} | 


| 319 4607173019.9804503 
| 419-467584819.9804415 
_5\9.467996019.9804027 


619.4684069|9.9803639) 


719.468817 319.9803 250 
819.469 227 3|9-9802800 
919.4963 69/9-.9802471 
LO 9.470046119.9802081 


‘| Tang. 


7.435 3390| 10.5 146510 
9.4857907|10.5 142093 
49524.19\10.5137581 
9.4.3669 28}10.5133072 
94871433 10.5128567 
9-4875933|t0 5124067) 
9.4880430)10.5 119570 
4884924|10.5115076 
9.483941 3|10.5 110587 
9.4893 898|10.5 106102 
9.48983 80|10.5 101620 
9.490285 8|10.5097142 
9 4907332|10.5092668 
9.491 1802 10.5088198 
9.4916269|10.5083731 
9 4920731 10.5079269, 
9.4925 190}10.5074810 


9-4982816 10.5017184]| 


14.195] 19-4987223 10.5012777 


~~ | Tang. 


19.020105 4|10.5 26095 7/42 


Secant. 


10.0197 £40} 10+5 30772715 2} 
10.0197§29}10-530363 1/51) 

10.0197919}10-5299539) 50} | 
10001983 10}10.5295452/49} | 
10.0198701}10.5291369)43) 
100199092} 0.5287 290 47t | 
10.0199484]10.5283215/46] | 
10.0199876 10.52791 44 4g} 

10.0200268|10.5 275073) 44 = 
10:0200661]10.5271015|43) 


1060201448 


10.5262903! 41] 
10.0201842 4), 


10.5258854! 40] — 
10.0202236]10.5254808/ 30} 
10.0202631|10.525076613 8) 
10.0203027]10.5246729)37) 
10.0203422|10.5242696)3 6} | 
10.0203 818}10.5238666/3 5} 
10.0204215|10.5234641/34) - 
10.020461 2]10.5230620/33] 
10.0205009|10.5226604!32). 
10.0205407/10.5222591/315 
10.0205 805/10.5218582/30) 


72 Degrees. 


* Tangents, and Secants. 


39)9. eran “1 9794195 
13 119.4785 42319-9793796 
3219.47894.2319-9793395 
13319-479342<{9-9792998 
13419-47974 1 219-9792598 
13519-4801 40119-9792198 


3.919.4805 33519.979179 

3719-4809 3661919791397, 19 
3319.4813342/9. 9790996 
399.481.7315 feasp eos 


ispas41o6¢fo 0788175 


40|9-484501019.97387770) 
47|9-484895 119.9787365' 19 
$8)9-4852383}9.9786960 
$9]9-485682019.9786554, 
Beg 9. 9786145) 


a 4872512 - 9784927 
1419-487642619.97845 19 
9784111 
9783702 
9783293 
9782883 


9782474 
19782063 


95044182 


17 Degrees. 


10,5012777 
10.5008374 
10,5. 293974 
10.499957'9 
19.4995186 
fo. $9907 07 
10. 49864 12| | 
10.4982031 
10.497 7053 
10.4973279] 
10.4968908 
10.4964541 
10.4960178 
10.4955818 
10.4951 462] 


9: 9-4987223 
9: 34991626 
9.4996026 
J 5000422 
95004814 
9-5009203 
: 5013588 

5017969 
5022347 
9 5026721 
925031092 
9-5935459 
, 19-5039822 


| |9-5048538 
9.505289! 
9.$057240 10.4942760 
10.4934072 
104929733 


9:597893 3 10.4921067 
9-5083261}10.4916739 


5 100539] 10. 10.4899461 
9.5 104849]10.4895151 
g.5 10915 6)/10.4890844 
9.5113460]10.4886540 
9.51 5117760 10. 4882240] | 10. 


10.02 0207802 TO 5198599 z 


secant 

10.0205 3: 5 69. 9.521858. 3. 
10.020 16204 10.521457- 
10.0206602]10 § 210577 


10,0207002|10.52065 Bc 2 
10,0207402|10.5202588 


10.0208202|10-519 4015] 24, 
10,0208603 105.1903 4} 23 
10. eed o24 10. eae 


10. 10209808 10, 57871" 


10.0210211 10 517475- 
10.9210614)10. 517079241 8, 


‘10, O211017 POS 20835 17 


10.4947109} 10.02 


To. 0212230 10. stsayge i 
To. 0212535)0 5151040113 
Ho. O213040,F0.514711 2]; 
10.021 3446)10.5144180lr1 
10.0213852)10-5139251f1 
10,0214259]!0-5 135326 
10.0214666/10.5131405] 8 
10. 0215073 lo, 5127488 7 
(0.0215481}10.5123574 
10.0215 88g]10.5119665} 5 


72 Degrees. 


K 


fa i adh 
5 


Table of Artificial Sines, _ 


49037 1019-978165 5 
4907 592|9-978124' 
4911471 9.97 80830, 
491534519-97804 '® 
491.921019-979000°} 19 § 


110.0220820]10.507395 4154 | 
10.0221 234 10.5069194 52 k 

10,0221647|!0-5005 3 30 <4 
10,0222062|10.5061487 Or : 
10,02224.77 10.5057639)4g 
Beal 


10,022%4140 | 
10.0224556 44} 
43) 
42), 
10°0225809 4 
11010226228 iy : 
10.0226646} 109.501 9365 39. 
21110,0227066] £05015 55%138 
10.0227485 10. 501575537 
10.0227905|10-5097955}36. 
10.0228326 10.5004 16013 


10.022959C 10.49927 
[0.023001 2\1044G89013}31 
10,4985230)¢ 


Sk ia 


eT 


Tangents, and Secants. 


a) Sine. | 
3819 501470419 9709506 
‘13 119.561853819-9709143 
13219.502230819-9768720 
33195026075 9-9768296 
13419.502983 819-9767872 
3519-5033597|9-9797 447 
5019.50373 5319-9707 022 
3719-5041 105 9.9766597| 
3819.5044853 9.9766171 
3919.5048598)9-9705745 
40192505 2339)9 9765318 
14119.5056077)9-970489! 
4219.505981119 9764464 
4319.5003 5 4.219-9764036 
14419 5067 26019-9763 608 
} 145}9:5070992)9 9793179 
“14619.507471 219 97627 5¢ 
4719-507 84.2819.9702321 
| |4819.508214119.9761891 
4919.5085 850199751461 
1501950895 56)9.9761030 
119 509325819.9700599 
619-.9760167 


r 


919: § §2274919.975.7135 
60 9.5126419 999756701 


—_ 


18 Degrees. 


| Lang. 

9:5245199 
9-5249395 
9.5253589 
9 5257779 
'9.5261966 
9.52661 50 
9-527933i 


95274508 
9.5278082 


104754801 
10.4.750605 
10.4746411} 
10.47422211 
19.47 38034) 
1473 5253) 
£0.4729669) 
1064725492! 
10.4721318 
9-5 28285 3}10.4717147) 
9 5287021|10.4712979 
9.5291186|10.4708814 
9-5295347|10.470465 3 
1905 299505|10.4700495 


9.5324389}10.467 5611 
9.53285 26]10.4071474 
19-53 32659|10.4007 541 
9.5 336789]10.4063 211 
9 534091 6} 104659084 
i9-3345040 10.465 4960 
9-53.49101]10.4650839 
9.5353278|10.4646722 
9-5357393|10.4642607 
9.5361 505|10 4638495 
9.530561 310.463 4387 
9.5369719|10 4630281 


Tang. 


9-5303661}10.40963 39) 
9.§307813 10.4692187 
9.§311961{10.4688039} 
9.5316107}10.4683 893 
9.-§320250|10.4679750 


|| Secant 


10.0230434 
£0.0230857 
10.023 1280 
10.0231704 
10.023 212% 
1,0.0232553 

10.4902047 
101023 3403/10s4958395 
10.0233529)10.4955147 
10.023.4255|10.4951407 

5A2 

10.0234682}10.494.7661 


10498146. 


10.023 2978 


10,0235 109}10.4943923)1 | 


10.0235§30|10.494018y 
10,02 359041 10.493645 8 
10.023 639 2|10.4932731 
10.0236821|10,4929Q008 
10.0237250|10.4925 288 
10.0237679}10 4921572 
10,0238109|30.4917859 
10.0238539|10.4914150 
10.023897010.4910444 
10.0239401}10-4906742 
10.0239833|10.490304.4 
10.0240264110.4899349 
(0,0240697|10.4895657 
10.0241130|10.4891969 
10.0241503110.4888284 
10.0241996]10.4884603 
10,024.243¢]10.4880926 
10.0242865]10.4877251 
10.0243 29C] 10.4873581 


. id Degrees. 


K 2. 


Secant. | 


UE ADR SL 265 Ti a i CIC Ee a a 


10.4985 23 


Slo-won wa On 


"A Table of Artificial Sines, 


f 619-5148371|9-9754083 
719.515 201719-975 3646 
$19.51 5§ 66019-9753 208 
919.51 §9300]9°97 5 2769 

9.516293619:97 5 2330 


1819.5 191904|9-9748804 
1919-51955 10|9-97433 61 
|20/9.5199112)9:9747918 


9:53 77929 


19-5382017|10.4617983 


9.5 386110]10.4613 890 
9.5390200|10.4509800 


9.5391287|10.4605713 
9.5398371|10.4601629 
9.540245 3}10.4597547 
9.54065 3 1|10.4593469 
9-5410606|10.45 89394) 
9.541 4.678|10.4585322 
9.5418747|10.4581253 

10.4577187 
9.542687 7|10-4573123 
9.54309 37|10-4569063 
9-5434994|10-4565006 
9:5439048/10 4560952 
9:54.43 100 19.45 56900 


19 5447148/10.4552852 


9.5451193|10 4548807 


9:5459275|10.4540724 
9-5 403312] 10-45 30688 
945467346110.4532654 
905471377|10 45 23623 
9°5475405/10.4524595 
9-5479430}1 0.45 20570 


9} 19-5 48345210.4510548 


9-5487471|10.4512529 
10.45085 13 


“Tang, 


70 Degrees. 


Secant, 


10.0243 299 
nO? a1 a3 
10,024417¢ 
10.0244606 
10.0245043 
ND O2 45419 


10.0245917 
10.02463 54 
10.0246792 
10,0247231 
10.0247670 
10,0248109 
10.0248549 
10°0248989 
10.0249430 
10.0249871 
10.0250312 
10,0250754 
£0.0251196 
10°0251539 
10.02§2082 
10.0252525 
10,0252969 
10.0253413 
10.025 3858 
10.0254303 
10.025474% 
10.025519 5 
10.0255641 
10.025 6087 


10.486991 415 f | 
10 4806250153] | 
104862590157] | 
10.485893 3156) 
104855279) 55] 
10.4851629154) | 
10.4847983]53] 
10.484434c/5 a} | 
10.48 40700|51} | 
10.4837064)50) | 
104833431149] | 
43) 
10.4826176/471 
10.4822553/40) 
10 481895465] 
10.4815319/44] 
10.48117051431 
10.4808096)42) 
10.4804490|41} 
10.4800888|49] 
10.4797289|39} | 
10.479 3693)3 5) 
10.4790101}37| 
10:4.78651 2/36 
10.478292613 


0.4772189)32) | 
:0.4768617)3 Uf 
1002565 34:0. im 


Tee % 


~ 


319-5234953|9.074346° 
3119-5 2395 18ly.974301% 
9.524206 119.974.2570 
3319-524564019.9742122 
3419-5249 19019.9741673 
35|9-525274919.9741 224 
3.0/9-525629819.9740774 
37|9-525984419.97 403 24 
3819-5 20338719.97 39873 
_ [4919-5 266927'9.9739422 
14019-527026319.973 897! 
14119-527399719-97 38519 
4219. 52775 26/9-973 8067 
4319.5 28105 3|9-9737015 
4.4/9.5 284577|9-97 37162 
9.5 288097|9-97 36709 
4019 529101.4|9.9736255 
4719.5295 12819-9735 801 
| 14819.5298635|9-97 35346 
1491953021 46)9-97 34891 
§$019-530565019:9734435 
| 15119-5309151 9-973 3980 
| 15219. §34264919.973 3523 
§319-53163 43/9-9733067 
5419 531963 519.9732610 
5519-5 32312319-9732152 
019.5 32660819.9731694 
5719953 3009019-9731236 
5819.5333506|9-973°777 
5919-5337944|9-97 30318 
6019.5340517|9.9729858 


‘Sine. 


ae 


F495 5 2C]10.4504506 
1.549951 1]10.450048G 
9.55035tc {10 4496481 
9+5$07523]10.4492477 
955115 25|1004488475 
9-5515524]10.4484476 
9:5519521110.4480479 
9 5523514110.4476486 
7-5527504)10.4472496 
9:5531492)10.4468508 
9-5 535477110.44645 23 
7-5539459|10.44605 41 
9-5543438]10.4456562 
395 547415110.4452585 
9+5551388}10.4448612 
3-5555359110-4444641 
)-5559327110.4440673 
3-5 §63292|10.4436708 
)-5 90725 5|10.4432745 
9.5571214|10.4428786 
9:5575171|10.4424829 

10.4420875 

1064416923 
9+5587025]10.4412975 
2 DOGO E111 9-44090929 
)-5594914|10.4405086 

10.4401146 
).5602792}10.4397208 
).5606727|10-4393273 
9.5610659}10.4380341 


‘Tang. 


Langents, and Setants. 


Secant. 


d6.025 C531 10M 76i5047/30 
10,025098.|10.4761482129 
10.025743C]10.475791¢|28 
10.0257878110.475 4360/27 
10.025 8327110.4750804|26 
10.0258770)10.474725 1125 
1047437 O2[24 
10 474015423 
10.0260127}10.473661 3/22 
10.0260578, 10.473307 3/21 
10.0261029110-4729537 a) 
£0.0261481]10+4726003}'9 
10.0261933;10.4722474|18 
10.0262385;10.4718947 17 
10.026283810.4715423116 
10.0263 291}10.4711903]! 5 
10.0263745|10.470838¢|14 
10.02641G9}10.4704872]!3 
10.026465 4|10.4701362]12 
10.0255 109}10.469785 411 i 
10.0265 565}10.469435c}10 
10.0266020}10.4690849] 9 
10.0266477}/10.4687351} 8 
10.0265933110.4683857] 7 
12.0267390)10.4680365| 6 
10.0267848]10.4676877| 5 
10.0268306}10.4673392| 4 
10.0268764|10.4669910] 3 
10,0269223110.4666431] 2 
10.0269682}10.4662956 1] 


10.0259226 
10.0259676 


10.0270142]10.4659483] o 


Secant. M 


70 Degrees. ee 


~ A Table of 


Sine. 
9-534051719-972985" 
9.5 343986,9-972939% 
9.5347452|9-97 28938 
9 §350915|9-97 28477 
9.5354375|9-97 28080) 
9-5 


1 119.5378508,9-9724775 
41219-538194319-97243 10 
1319-5385 375,9-97 23945 
14 9.5 388804'9.9723380 
15 [9-5 3922 309-97 22914 
1019.5395653 9.9722448 
1719.5399073 9:972198) 
18}9.5402489 99721514 


2219.5410126,9.9719642 
231905419527\9-9719172 
2419 54229269 9718703 

O78 239 


Artificial Sines, | 


20 Degrees. 


Tang. 


).5610656]10-4389341 


9.§634194|10.43 05806 
91§638107|10.4301893 
9.564201 8]10.4357992 
9.5 545925)19-43 54075 


9-97. 19.5649831|10.4350169) 


9.565 3733|10-4340207 

565703 3|10.434 2397 
9-5 6015 30]10:43 38470) 
9.5665424|10.43345 79) 
9 56693 16)10-4330084 
9.5673205|10.4320795, 
9.5677091]10.43 22909. 
9.5 68097 5]10.43 19025) 
9.568485 6|10.4315144) 
945688735 10.4311265) 
9.5692611 10.4307 389] 
9-5696484 10.4303 5101 
9.570035 5] 104299645 


9.5 708088}10.4z91g12 
9.6711951|10 4288049 
9-5715811)10.4284189 
9.5 719669]10.4280331 
9+5723524|10.4270476 
9-5727377 104272623 


Tang. | 


Secant. 


10.0270142 10.4059483 bo} | 


10,0270002}10.4656014/59) | 
10.0271062|:0.455 2548/53) 
10.0271523110-4049085 Mae 
10.027 1984110+4645625|50) 
10.0272440110.4642108/55 
10,0272908| 10.463 8714 544 
10.0273 37 1}10.4635 203/53 
10.027 §834/10.463 1886/52 
10.0274297)10.4628372)5 1 
10.0274761 10.4624930 5° 
10,0275 225] 10.4621492149) 
10.0275 690} 10.461 805 5/43) 
10,0276155}10.461 4625/47) 
1040276620] 10.4611196 46) 
10.0277086} 10.4607770145 
10,0277552110.4604347|4 
10.027 8019] 10.4600927|4 


19.0278486)10.45975 11/4 


10,0278953|19-4594097/4 
10.027942i 10.4590086|40 
10.0279890}10.4537279)3 
10.02803 5810-45 9337413 
10.0230828]10.45 80473157) 
10.0281297{10.4577074/39} 
10.0281767 10.4573979 35, 
10.0282238]10.4570287 
10.0282709|10.456689713 
10.0283 180}10.4563 511/32} 
10.028365 2110.4 56012713 
10.0284124110.455574713 


69 Degrees. 


Tangents, and Secants. 


20 Degrees. 


19-5443 25 619.97 1587 
3149.544003.019.971540 
324)-54500C519.9714931 
3219-54533799-971445, 
119-545674519-97 1398. 
3513 §46011019.9713506 
(1) 540347219.9713035 
19.5 46683 219.971 25 0 
3°19-5470189)9.971 2084 
B<[905 473542 goplaces 


Tang. 
9.572737 
9.573122; 


935.7 3507 44) 


9 5738916 
9.574270) 
9.574660) 
95752438 
9.5754272 
9 5758104 
9.5761934 
9:575576! 


9.5769585 


440. "$49026¢ 9-97-92 
14319 549360219 97027: O87 46 


119 549693 5|9-9708265 
4719-5 50026519-97077 8 
4819.5503592|9-9707 308 
4919.5 506916)9- Shea 
5019. §5 10237 719-9706 346 
§119-551555619-9795 865 
5 219-5 5 1687119-9705 383 


| 453)9-552018419-9704902 


5419-55 2349419-9704419 
55 9.5520801/9.9793937 


5919.5 530105}9-9703454 


{9719+553340619-97029741! 
5819.553070419.9702480).9 9834217) 


5919. 5539996 9.970200¢ 
019.5 5.4329 :19-97015 17 


10.4272023] 


eee 


10.4268773 
04204920 
10 4261081 
10.4257239 
1004253399 
(0.42495 62 
10.4245728 
10.4241 896 
10.423 8066 
10.4234235 
10.4230415 


9-5773407|10.4226593 
9 5777220)10.4222774 
9§781043)10.4218957 
i) 5784858 (O.4215142 
9 5788065)10.421 0.4211331 
9.5792479|10.4207521 
9.5796286)10.4203714 
9.5 800090}10.41999I1C 
2110.419610° 
[9-58 5807691}10.419230¢ 
9.§811488}10.41885 1 
i 58152 282}10.4184716 
fs «5819074}10.41 8092 
9.582286, §822864]10.4177136 
9.582065 1]10.4173346 
9.583043 5110.41 69565 
10.4165 783 
19.§837997110-4162003 
19.58 5841774 10. 10.41 58226 


“Tang. 


Secant. 


10 0284124 1004556747 2 


10. 02845G¢ 100455337° 


10.0285 009}10.45 49995 
10,0285 543}10.454062 
10,0286016110.454326517 


1C. 0286491}10. 453989¢ 25 


10,0286965)10.4530528)2 


10.0287 440,10. 453316% 
10,0287916,10. eae 
10. 0288392, 10.452645¢ 
10,0288868, 10:45 23107}20 
10, 1.0289345}1004519760 
10. 0289822: 10.4516415 

10. 0290299 10. 4513073 
10.0290777 1064509734 


10.0291 256 10.4500395}5 5 


10. 0291735, 10.4503005 14 
10.0292214110,449973 5]! 3} 
10.0292694/10.4496408}1 2) 
1009293174110.4493084)11 
°. 0293654)10.44 4489763|10 
10.029413 5/10, 10.4486444 9 
10.0294617119,4483129| 8 
10.0295098}10,4479816} 7 
10.029558t}10.4476506| 6 
10. 10.0296053 10.44.73 199 5 : 


10, 10.02965 46} 10.4409895] 4 
10,0297030/10.4466594} 3 


|10.0297514)10.446329C} 2 


10.0297998]10.4460001}: 1 
10. 0298483 10, 4476708) 


(eo) 
Secant. 'M 


69 Degrees. 


M) Sine. 
pS 9.5543292 QeQ7ONS17 
 119.5546581|9'97 01032 
219.55 49868|?97005 47 
9.9700061 
319.555315217°7: 
419.5 55643 3/9: 9099574 
-5:9-5559711 9-9699087 
6\9.5562987 9.9698600 
7\9-5566259 9.9698112 


16 9 5595585 9-9093704 
719.5598829 949093212 
18 9.5602071 99692720 


19.9690746 
9.9690252 


21 Degrees. 
Tang. | 
95841774) 10-41 58220 
9-5845549)/ 104154451 
9.534932! 10.41 50679 

19.5853091|10.41 46909 
g.585685G10.4143141 
9.5 860624|10.4139376 
9.58643 86|10.4135614 
9.§868147/10.4131853 
9.5871904]10.4 128096 
9.5875 660}10.4124340 
9.587941 3|10.4120587 
9.5883 163|10.4116837 
9.588691 2/10.411 3088 
9.589065 71/10.41093.43 
9-5894401)10.4105599 
9 5898142|10.4101858 

|9.5901881|10.40981 19 
9-5905617|10. 4094383 
9.59093 51) 10.4090049 
9 5913082/10.4086918 


A as 


A Table of Artificial Sines, 


Secant. 
10,029 8483 10.44 


———— 


10.0298g63 


10.02.9945 3}1O-445013 2158) 


10.0299939|10.4446849) 57 
10.0300426]10- 4443567156 


1.030091 3/19.4440 289/551 it 
10.0301 400}10.4437013 541 


10.0301 888}10.4433741/5 3) 


|10.0302276 10.443047 1152) i 

10.4427204|5 0] _ 
10.4423940/500 
10.4420679149| | 
10.4417421/48) | 
10,0304823|10.4414165)/47) | 


| 10.03 >2864 
jLewaasos 
1 10.0303342 
'10.0304332 


(10.0305 313]!0.4410912 46, 


10 0305804 10.4407662145| | 
10.4404415144) 


10.0306296 
-10.0306788/19.44011 71143 


10.0307 280]10.4397929/42) i} 
10.0307773]10.4394690/41) 
9r59 1681 2)10-4083 188 =| 


19.59205 39 10.4079461 | 


19-5924263 10. 4075737 


9:§927985 10-407201 5 
9:5931705|19.4068295 
9:5935423|10-4064577 
19-5939138,10.4060862 
92594285 1110.4057139 
95945501 10.405 3459 
925950269 10.4049731 
9 5955975|t0.4046025 


Tang. 


10 0311234 


10.4453419|591 | 


10.0311'730]10.4368870|33 a 


10 0312227}10.4365665/321 


10.03 12724110.436245 4/31] 
10.03.1322) 513.0 


68 Degrees. 


> | 


| 
Is) 


3 
Eiearzi6si9 
Ra La 9.g68 see 


a 


SO SOND SOO wo Mo WO NOM 
Me 


ie ee gor7es 
1 5519.9 67674 
5119-5707 506 99670235 
219-57 1065619.9075728 
319-57 1380219967522) 
y §5.71694619.9674713 
9.5720087)9. 9.9674205 
3.5723 220|9.967 3697 
1.57 26362/9.9673188 
9-572949519.9072679 
.5932626)9.9672169 
e7ge7saig 0671659 


Sine, 


wa 
sO 


+h 


ea ee to et nd 


Bad 


ant one (ea 
0 SO SO SO NO 


LV 


995957975 
i9- 5901 38¢ 
9 596507¢1: 
9.596377 


‘. si] 9 597247 @ 
Sti Suz 0102 


D: 5979352 
9. 5983 54¢ 


a '9.5987225 


9.599 -9ox 
1)9-59945S% 
9.5998 267 
+} 19-6001945 


angents, and Secants. 
21 Degrees. 
; (Tang. 


as fesse i° 


2 4046025 5 
O 4042321 
sues bar 

10 4034921 


LO" 403 1224 


12404027536 


io, £0.4025838 
10.40201 46 


(0.401 6460 


10.4012775 


#9 4009002 


10.4005412 


10,4001 733, 


1063998057 


oecant, 


————__ 


NGO3132R 
‘40 O31 371G 
[10.0314217 
110 0314710) 


ogee 
£0043 5! 


— 


neers 26 


ie CL a 


g 600561 7]10.3994383 
9.601295 8]10. 0.3987042 
9.6016625110.3983 375 
119. 60292g9e]1 9.39797 1° 
9.6023953]10.397 C04" 

9 6027613 LO 397235 

te 603127) Lo. 39637 26 
9.603492" |10.3965073 
9 6038587|10.396141¢ 
9.604223 3]10. 5a5778) 

9-6045882)10.3954118 
9.60495 26|10.395047 1 
9.6053174|10.3946826 
g.6056817]1 0.3943 183 
9.6060457]19-39395 45 
9.608 6064096}10.3935004 


Tang.. 


Ale 6009289 10.39907 1} 


)10.03 | 


5744 10.43.4324) 
'10.09162'4 14)! 0-45.4005 2 
[£9031 671 5)10+43 208 ce 
(10.031 7216: 10.43 33676 


10.0337717,'9-4330492 


ne 5215110. 434 6436/20} 


a 


eR ee 


um ND GY Lb 


10.031 18219 10.432 POPE era pee 


10. 10.0318721. (10043 24132 
10.0319223 10.432096¢ 
RO: 0319726, 10.4317783 
lo. 0320229 10.4314013 


10:0320733,10.43 L14451" ) 
10:03 21237:10.4308275| i 


10.03 21742,10.4305117 


£0.0322247;10.4301957|! 


10.03.2276 3}10.429880c 


10-0325259) 10: 4705 Gee 


10. 0323765] 
10.0324272)10.4289344 
10.0324779}10.4286198 
19.03 25287/10.4283054 
19:9325795|10.4279913 
10.0326303110.4276774 
10.0326812110.427363§ 
T0.03297321110.4270505 
10.03 27831]10.4267374 
10 0328341j10.426424€ 


10.4292494 


9 


; 
6 


5 


4 
3 


2 
VH 
3° 


Secant. |M 


68 Degrees. 


L 


22 bee 


Sine. 
<19-§735754]9» pease 
32573888019. 9671145 
3. 574.2003}9.9670637 
9 §74512319.9670125 
9.5.748240)9. 9669614 
519-57513509.9669101 
619:5754468.9.90085 58 
7|9- 57575 78)9- 9668075 
819s 5760685'9 9.9667562 
g19.5763790,9-9667045) 
10)9- SEUSS eat 


(3)9. ores 9. 96654987 
1419 5779275,9:9064 471 
1519-3 5782364 9.966 9663954] 


t6l9-578 54509. 99663437 
(7/9. 5788535 9 19662920 
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10,04 48741}10.3644301 


10.04.4995 3,10.353903 1122 


bcd 505 5g te 430396 


10.0451773 


10.3633 769} 20} 
aon ite) 


10.0452381/10.3628516)18 
10.045 2989}10.3625892|17} 
10.0453 548}10.3623 2616 


10.0454207|10.3620649} 


10.0455426/10.3615415)/03) 
10.0456037/10.3612801/12 
10.04.5664 8110.36101 88/11 


10.0457259|10.3607578 
10.04.5787 1110,3604970 
10.0458483110.3602363 
10.0459096}10.3 599759 
19.0459709]10.3597156 


9 


7 
) 


1004603 23]10.3594555]_5 


10.04.6093 7110.3591956 
10.0461552110.3589360 
10.0462167110.3 586765: 
10.0462782110.3 584172 


4 
34 
2q 


Sa. ah aah RT NC Tee REN RE: 


4 1 Table 2 of Arif r Sine, 
26 Degrees. 


Pomel 
9. PEST 3479: 9533515 


719: 6430504 9.953227¢ 
819-6 439080 9.9531658 
919.644.1654 9:953 #038 
10|9.6444226 9.9530418 


9.6449365 9.9529175 
1319°64519319.9528553 
1419-645 4496.9.9527931 
1519-645 70589.9527308 
16|9 6459619'9.95 20085 


* 9 peber7s o> 9526061} 


{r9}9 64672909. 9524813 


2019. 64€ SECS Re 9524188 


if 9.6485 124). sarees 
2719.6487665 19.95 19799 
4.819.649020319-9519171 
29/9-649274019-95 18541 
3019.649527419 9517912 


aeoryVang.! fp 


9.08! 9.0881818 10. 10.3118182 
. es 10. 31 14977 


9. GGenes6 10. eee nce 
9 6904226,10.3095774 
9.6907 422150.3092578 
9. 6910616 10. 3089384 
9.6913 809}10.3086191 


9.591 7000,10. 3083000 


19.6920189110,.3079811 
19.692 3378)10.3076622 


9.6926565)10.3073435 
9.6929750;10.3070250 
9.6932934|10. 10.3067066 
9.693611 7/10.3063 833 
9.6939298)10.3060702 
9-6942478)10.3057522 
926945656/10.3054344 
9.694883 3)10. 3051 1167 
9-695 2004}10.3047991 
9-695 5183|10.3044817 
9:6958355|10.3041645 
9.6961 §27|10.3038473 


9-6964697110.303 5303) 


9-6967865)10.3032135 
9.697103 2|10.3028968 
9-697 4.198]10.3025 802 

96977363 10,3022637 


Tang. 


63 Degrees. | 


ry 


5] 10. 10.3515 80 81580\6a! | 


(0.35 78991|59) | 
1043576404158) | 


10.0465 249]10.357381 8157 


10.04.65 866} 10.3571 235156) 


10.04664 85|10.3 56865 3156 
10.0467103|10.3566074| 5 4 


d 


10.0467722|10. 3563490153) | 


10.046834.2|10.3560920) 5 


10.0468962/10 3558346/51) 
10.0469 582) 10.3555774)50 
10,0470203|10.355320 149} | 


10.0470825|10.3 55063 5/48 

10,047 1447|10.3548069)47) 
100472069} 10.3545504/40) 
10.0472692|10.3542942/45] 


tp 10.047 3315 10. 3540381 44 

10.047 3939|10.3537822 43) 
10.0474563]10.3535265)42) 
10.0475187|10.3532710/41] 
10.0475812 Lo, 3530150140) 
10.0476438]10.3527605]39|_ 
10.047.7064110.3525055|38 
10.0477690}10.3522508)37] 
10.04.78317110.3 5 19962 36) 


10 0478945410.351741813 | 
10.047957 2110.35 14876 34] 


10.0480201]10. 3512335 33) 
10.0480329]10.3509797|32) 


}10,0481459|10.3507260/3 1] 


‘10. sat aamaes ¥0.3504726 30} q 


a a a 


Se 


haat marae 


* 
:| 


q 


\ 
q 
\ 


=z 


| 
| 
i 


ie 
a 
ie | 


q 
} | 


a Ce Cea a ner Re ally 


re x 


TS. 


Langents, ana Seta 


19-6195 274|9.9517912 


_ [35]2:850792019 9514757 

30/9-05 1044419.95 14124 
13719-65 1296619.95 13.492 
3619-05 15486)9.9512858 
6 9:65 1800419.9512224 
40]9-05205211).9511590 


119 7034086]10.2965914), 


§1)9-65 4808 1/9.9504583 
15219-655057519.9503944 
153}9-05 $3068) 9.9503 303 
15419: ©55555919.9502063 
5519.95 58048/9.9502022 
. 56 9.65605 3619.9501480 
$7|9:0563021}9.9500738 
1 45819-6565 505}9.9500095 
3919-656798719.9499452 
Golo 6570468 


26 Degrees. 


Tang. 


920977302 10.302 2637 
geOQ8052¢|10 3019474 
7410.30163 13 
COB OLSES 3 
‘| §0.3009994 
1| £04300683 6. 
9.69963 2¢|10. 3003680 
9.699947 4|10.30005 2¢ 
9 7002628]10.2997372 


9:7021519}10.2978481' 
917024063/10.2975 35; 


9.703094t}10,.296905 4 


9:7049765}10 2950235 
9.705 2897110.294710; 
92795002; |10:2943973 


\Secant. 


10.0482088 10435047 


2 


[10.0482718110,3502192 


10.0483 3 4G110.349960. 
10.0483980110.34971 3: 


DEM E bel BE dank dally 
10.0485 876,10 34895 5( 
410.0486508 10.348703.]2 
10.0487142 10.3434514 
100487776 10.348199(): 


1000488410 10. 3479476 


10.0489044 10-3 470965 
10.0489680 10.3474452 
10.0490315 10.3471941 
10.049095 1:10.3 409432 
10.0491 588 10.3466925 
1 O-0492225)10.3 404459 
10.0492862/10.3 46191¢ 


10.0498620110.3 429464] 
10.0499262|10.3436979 


10.0499905|10.3434495 
10.0500548}10.3432013 


10.043461 1110 349460,] 2 


2 7 Dees 


IM| Sine. | Tang. WeSie es Secant. =| 
019.657046819.9498809| |g.7071559 10.292834"| |10.0501191|10. 10.3429532 129532|60) || 
"119.657 294619.9498165| |9- 7074781, 10,2925 21G| |10.05018351!0.3427054 39 
 219-65754.2319-94975 211 |).70779G210.2922098) |10.0502479}1 03424577158) 

319 657789819.9496376) |g. 7081022/10.291 8973) |i10,.0503124)10.3422102/5% 
419.6580371|9.9496230) 19.7084141\10.291 5859] |10.0563770}103419629|56 
519-65 82842/9.9495 585) 37087258 10.2912742) |10.0504415}10.34171 53/55} 

Ol9.65 585312 9:9494938| 19.7090374 10.2909526] |10.0505062|10.3414688l54 
719. 658778 91994942921 19 7093488 10.29065 12] |10.0505708]10.3412220)5 3) 

819-05 9024619.9493045} 19. 7eavee} #0:2903599 10.0506355]'0-3409754 52) 
9\9.659271019.9492997 1010507003 ones a iy 
10h. 6595173'9 9492349 | 
1149-0597 034|9. 9491700 . 7 Teste -2894067 £0,0508300| 
1 2|9.6600093/9.949105 1] 9 7109041 |10.2890959}110.6508949 
13 (9265025 5019.9490402 9. 7i 12148 10.288785 2||10,0509598 


1419.6605005/9.9489752| 9.71 15254 10.2884746)|10.0510248110.3 394995 
115|9.660745919 9-9489101) 19. 7118358 1 10. 10.2881642 10. 10.05 10399 10.3392541145 


1619.6609911'9.9488450 \9.7121461, 10.2878539 10.0511550|10.3390089|44 
17\9.661236119.9487799 9.7124562 10.2875438)|10,0512201|10. 3387639 43 
18]9.661 4810909487147 9.7127662,10. 2872338) |10.0512853|10.3385190)42) 5 


19}9.661 7257/9.9486495} |9.7130761,10.28692 39) | 10.0513505|10.3382743|45 
20\9.6619702,9.9485842 9x7 133859 10.2866141 10.0514158|10.33 80298) 40 
z119. 9-6622145)9. 9485189] 9.71 36456 10. 2863044 10.0514811] : 
2219.6624586,9.9484535| |9.7140051 10.2859949/|10.0515465110.3375414 
2319.66270269.9483881 9-7143145 10.2856855)/10.0516119110.3372974/3.7) 
2419.6629464 9.9483227] 19-7140237 10.2853763)110.05 16773|10.33 70536130] 
25|9.663 1900,.9-9482572| [9.7149329 10.2850671||10.0517428)10,3368100|35) 
26|9-663433519-9481916] |9.7152419 ¥0.2847581||10 05 18084110.3365605/34) 
2719:663676819.9481 260 57155508 102844492 ioe guar oneenaae 
48|9.66391999+9480604) 19.71 58595 10.2841 4051/10.051939° 

2919.6641628 9. 9479947 9-7161682 Io. 2838318 10.05 20053 

3019.6644056,9 947 9479289 9-7164767 10,283 5233]|10.05 20711 


| Tang. 


62 Degrees. . 


ih Tangents, and Secants. 


27 Degrees. 


9479289) |9-7164767)10.2835233 


3219.664890619-9477973 
3.319.065 13.20]9-94773 14 
3419.665374019-9476655 


369.665 8586}9-9475335 
3719.6661001}9-9474674 
38|9.666341519:9474013 
3919.6665 82519-94733 52 

149}9.66682 3 819-9472689 


5¢19.670657619.9462032 
15719-67089 58]9-9461 362 
~ 15819.671133819.9460692 
150}9-6713716)9 9460021 
_ [Ocp9:6716093)) 9459349 


,9:7195549 
“9.7198620]10.2801380 


-9.7210893) 
9:7 213958)10.2786042| 
“9.7217022|10.2782978: 
9 7220085/10.2779915 
9-7223147 


9.7107851 10.2832149 
9.717093 3}10.2829067 
9.717401 4/10.2825986 
19s7177094119,2822906 
9-71 801 73|10.2819827 
'9.7183251/10.2816749 
9-7186327110.281 3673 
9.7189402]10,2810598 
'9.7 192476) 10.2807524 
'10.2804.451! 


9.7201690 10.2798310 
197 204759 TAG NG 
9-7207827 10.2792173, 
10.2789 1071 


102776853 
9.7226207 10.2773 793 
9-7229266|10.2770734! 
9-72523241102767676 
9 7235381110.2764619 
'9.7238436]10.2761564 
19.7241490 10.2758510 
907 244543110.2755457 
9:7247595|10.275 2405 
9°7250046|10.2749354 
9-725 3695|10.2746305 
9.7256744 10.2743256 


Bs al ANE. 
62 Degrees: 


Secant 


10 0529711110.335 5944 


10.05 21369]10.335351&129 
10.05 22027}10:3351064/28 
10.05 22686/10.3 348671127 
10.05 23345/10.334625 2126 
10.05 24005/10.3 34383 2)25 
10.05 24665110.3341414]24). 
10.05 25326/10.3 33 8999|23 
10.05 25.987|10.3336585122 
100526648) 10.3334172|25 
10.05 27311/1003331762)20 
10.0527973)10:332935 3/19] , 
10.95 28636)10.3326946]18 
10.0529300)10.33.24541]17 
10.0529964/10.3322137|16 
10.05 30628 '10.331973.514 5) 
10.0531293/10.3317335 
10.0531958)10.3314936113 
10.05 32624/10.33125 30/12] 
10.0533 290}10.331014a}t i 
BOO 59395 12:3 597759010 
10.05 34624/10-330535 4 0 
10.0535292/10.3302968] 8 
10.0535960/10.3300580] 7 
(0,05 36629)10.3298193] 6 
10.0537298/10,3295808] 5 


10.0537968|10.3293424] 4 —— 


10.053 863 8/10.3 291042] - 
10.0539308110.3288662! 2 
10,05 39979|10.3286284] 4 
10:05 4065 1/10.3283904} o 


A Table of Artificial 
28 Degrees. 


Pe eae 


Sines, 


“of 0671009 519.9459 .49 
119607 1846819.94 53677 
219007 2084.119.9458005 
2191072321 319.945 7332 
41369725 58319.9456659 

5}9:6727952 99455985 
61967303 1919-945 5310 
“19-67 3 268.419.945 46306; 
819-67 3504.719-945 3900 
919-673 7409|9-945 3285 

1019-6739769}9.945 2609 

1119:074212819.945 1932 

1319-674684019.9450577 


1419°074919419.9449899 
15|9-675154619.9449220 


2119.676562319.9445139} 


j22|9-676796319.9444457 
{2319-67 7030219.9443775 
2419-677264019.9443092 
_ 42599-677497519-9442409 


2819.6781972)9.94403 56 
2919.678430119-9439671 
019.678662919.943 8985 


i 


9.725674] 10.274325¢ 
9-725979 1]10.2740206 
g 7262837|10.2737163 
9.7265881|10.2734119 
9.7268925|} 1062731075 
9.7271967 10.2728033 
9.7275008|10.2724992 
9.727 8048|10.2721952 
9.7281087|10.271 8913 
9.7284124/10.2715876 
g 7287161|10.2712839 
9.7290196)10.2709804 
9.7293230|10 2706770 
9.7296263|19.2703737 
I9-7299295|10.2700705 
9.73023 25|10.2097675 
9-7305354|10.2694646 
9.73083 83/10.2691617 
9-7311410|10.2688590 
9.7314436|10.2685564 
'9.73 17460 10 2682540 


Secant, | 
10.05 406pi| 1agsBIgoHt Get 
10.05 41323]10.328153 2) cy 
10.05 41995|(0 3279156 
10.0542668]10.3276787} > 
£0.05 43341 1O:3274443 
1L0.0544015|10 32720481 ¢ c} 
10.05 44690}10.3 269681} - | 
10.05 45364|10.32673 16 
10.05 46040]10.3 264953] 
10,0546715/10.3 262591 
10.0547391|10.3260251 


9-73 20484|10.26795 16] |10. 


'9-7323500}1 0.2676494 
9-7326527|10.2673473 
'9-73295.47|10.2670453 
947332506)10.266743 


9-7 335584|10.2664416} 
19-7338601|10.2661399 


907 3.4.1616110.26583 84 


9-7344631) 10.265 5369 


97347644 100265235 


eS ‘Tang. L 
61 Degrees. 


I 
i 


142/9-681443 4 
]4419 6819046 


l4s 
14019-6823 65 119-9427949 


- {5019 


zs caer 
4a Saber 7? | 


| Langents, and Secants. 


30 9.786629 9-9438985 


31 9.678895 519:943 8299 


219.6791 279]9-9437612 
133) 6793602 9-9436925 


3.419-6795923|9-9436238 


13519-67982 4319-9435549 


36|9.0800560 9.9434861 


37|9-6802877]9:9434172 


3 819.6805 191)9-9433452 


3919-68075 04|9-9432792) 
14019-68098 1 6)9-94.32102 


41]9-6812126)9:943 1411 


i 9-9429335 


9.6821349 9 9428643 


4719-68259 5 219-942725 5 


14319+682825019-9420561 
49/9-68305 4819:94.25 866 


).683 284319-9425171 
5 1/9-68351379-9424476 
5 2|9:6837430)9-9423779 
5319-68397 2019-9423083 
54|9-0842010 

5 ee 
5619-684.6583 
5 749:0848868}9-9420291 


t 5 8]9-685 115 11929419592 


5919-685343219.9418893 
7685578 29-9418193 


Sine. : 


| 9.7355699 


9-9430720, 
9-9430028, 


9422386 


28 Degrees. 


Tang. 


9-7347044] 10.265 2356 
9-7 350656)10.2649344 
| 9-7353667|10.26463 33 
9.735067 7}10:2643323 
9-73 59685}19.2640315 
9.7362693{10.263 7307 


10.2634301 
9-7368705|10.2631295 
'19.7371709|10.2628291 
9.737471 2]10.2625288 

9.7377714|10.2622286 
. 9-7380715 10.2619285 
'19.7383714|10.2616286 


190738671 3{10.2613 287 
19-7389710]10 2610290 
9.7392707 10.2607293 
9.7395 702|10.2604298 
'19.7398696|10.2601 3.04 
| 9.7401689|10.2598311 
9-7404681)10.2595319 
9.7407672|10.2592328 
9-7410662|10.25893 38 
9.74.13650]10:2586350 


| 


10.2571423 
10.2568441 
10.2565460 


19-7428577 
9-7431959 
9-7434540 
9-7437520 


Tang. 


Secant 

10.0561015]t0.3213371 
§0.0561701{10 3211046 
10.0562388]10 320872: 
10.0563075|10.320639¢ 


10.0563 762/10.320407%|26 


pciche sek ical Y 
10.0565139 10.3199440 : 
10.0565828 


10.3185566 
10 0569972 10.3183250 


10.0570665/10.3 180954 


103178651 


\b9-0572745 


10.0$73439 FO.3171750) 
10.0574134|10.3 169452 
10.0574829|10.3 167157 
10.0575524|10.3 164863 
10.0576221|10.3162570] | 
10.0576917|10.3160280 


10,0579709]10.3451132]. 
10,0580408 
10,0581107 


10.2562480][ 


fix Dees 


A Table of Artificial Sines, 


IM) Sine. 

\"g\5.0855 712 Keys e 

“149-0857951]9-944749- 

j.686020719.941079) 

| 3/9.0862542 9.941 6090 

| 419,6864810]9.941 5338 
51) 686708819.941 4685 


f + 
“ 


1 G19-0809359)9.941 3982]. 
1s 9.687 162819.9413279| 
| 19-087389519-9412575] 9. 
f 9/9-087016119-941 1871]. 
} 10/9 0878425 9.9411 166 


Hy 19.0880688]9.9410461 
Hr 219 08829 49}9-94097 55 
|r 319-0885 209]9-9409048 
[14|9 0887.467/9.94083 42 
| 1c\9-6880723 9.940763 4 
| 16|9-689197 5]9.9406927 
| 1719-6894232/9.9406219 
}1819-6896484/9.9405 510 
11919 689873 4|9-9404801 
[2.019.6900983|9.9404091 
[2 119.6903235119.9403381 
1z22/9.690547619.9402670 
423|9 6997721)9.9401959 
}24|9-6909964/9.9401248 
25{9.6912205)9.9400535 
26/9-691444519-9399823 
27|9.691668319.93991 £0 
_ fi28]9.6918919)9-9398396 
2019.692115519-9397682 
130}9.692338819-9399968 


29 Degrees. 


"Tang. 
9 74375 20|10 2562 48c 
19.74.40499|10.2559501 
9 7443470|10 2556524 
9-7446453|19-2553547 
19.74.49 428/10.25505 72 


9 7467259]10.2532741 
9-7470227|10.2529773 
9-7473194|10 2526806 
9.7476160]19.2523340 
9.7479125|10.2520875 
9.7482089|10.2517911 
9.748505 2|10.2514948 
9.748801 3)10.2511987 
9-7499974 10.2509026 
9.7493934|10.2506066 
9.7496892|10.2503108 


1110.0598041 


9:7 5 205 23|10:2479477 
9-752347 2|10.24 76528 


10.247358¢] 


Tang, 


| 60 Degrees. | 


iSecant. 


110.05 55316 
'10.058601 5 


I ITO.0587425 


10.0592360)10 3110277 


eeieteee eee eee eee 


10. Ot818c 3 (0.314428> 

eet Ses | fa 
10.05 S25C8]10 314200] o 
10.0583 20¢ 
10.058391¢ 
10.05 84612 


VO. 31374 5¢ 
10.3135184 
103132912 
(0.314064 if 
10.0586721]) 53) 
ihe 
10,0588129|10.3123850}51 
10.0588834 


10.05 89539 10.3119312 


10 0590245|10.3117051 


10'0590952|10.3114791 
10.0591658)10.314253 3) 104 
4 
10.059307 3]! 03108022] 44 
10,0593781|10.3105 763}4 
10.0594490]10.3103§ 16/42 
10°O594199|10 3101 266}4i1 
10.059590| 103100917140 
10.0§ 96019) 10, 3096769) 39) 
1.05973 30{' 0030945 24138 
10 30922713 
10.0598752}10 3° 
10.05994.65}10.3087795)3 
10.c60017- }#0.3085555]5 
10.060089: |! 0.30833 1713 
10.0601 604]: 0.3081081}3 
10.000231 8] 0.3078845]; ; 
10.060303 2} 10 


Secant. |M 


10 3139733157) ae 


10.3'25575|co a 
+9} 


471 


i 


3019-69233 5819.9396968 
| 13119-0925620)9.939625 3 
3219-692785 119.9395537 
331).693008019.9394821 
| 134|9-6932308|9.9394105 
3519-69 34534)9.9393 388 
30(9.693675 819.9392671 
3719-093 8981]9.9391953 
38}9-694.120319.9391234 
39}9+094342319.9390515 
40}9-094564219.9389796 
| [41/9-694785919.9389076 
42/9-695007419.93883 56 
| |43/9-095228819.9387635 
| 4419-6954501)9.9386914 
B 14519.695671219.9386192 
| 146(9.695892219.9385470 
4719.696113019.9384747 
| [4819-6963 33619.93 84024 


14919-69655 4.119.9383300 
9-6967745|9.93 82576 
5119-6969947/9.9381851 


| [5219-697214819.93 81126 
| 15319:697434719.93 80400 
5419-6976545|9.9379674 
| 15519-697874119.9378947 
_ [§619.6980936|9.9378220 
5719-6983 12919-9377492 
589.6985 32119.9370764 
59}9-698751119.9376035 
60|9.6989700}9.9375 300 


| Sine. 


29 Degrees. 


Tang. 
9.752642¢ 
957529368 
9.7532314 
9-7535259 
9.7538203 


10.2473580 
1kO.24'70632 
10.2467686 
10.2464741 

10.2461797 
LAS EA ene 5 PBS 4 
9-7544088hi o.2455912 
D7 S47 O2G110.245 2971 
9:7549969)10.2450031 


99755 2908]10.244709 2) 


9-7555846}10.2444154 


9-7558783|10.2441217 
9.7561718]10,.2438282 


9.755465 3|10.243 53471 


9:7567587)10.2432413 
9-7570520110.2429480 
9°7573452/10.2426548 
9-75 70383|10.2423617 
9-7579313]10.24 20687 
9.7582242]10.2417755 
927585 &70}10.241483C 
9.7588096110.2411904 
9.7591022]10.2408975 
9 7593947|10.240605 3 
9-7599871}10.2403129 
9-7599794|10.2400206 
9.760271€|10.2397284 
9-7605637|10.2394363 


9.7608557 1002391443} 


9.7611476}10.2388524 
9.7614394|10.23 85606 


Tang. 


| 


Secant. | 


10,0603032 106307661 2]30 
10,0603747]10.307438c|29 
10.0604463/10.3072149|28 
10.0605179)10.3069920} 27] 
10,0605 895110.306769 2] 26 
1¢.0606612)10.3065466}25 
10.0607 3 29|1003063242/24) 


10.061 3808110.3043288]15 


10,0608047/10.306101 
10.0608766) 10.3058797}2 

10.0609485110.3056577|21] 
10:0610204'10.305435 8|20} 


10.0610924110.3052141/19} 
10.0611644170.3043926|18 
10.061 2365|10.304771 2117 
10.061 3086)10.3045499|16 


14 
10.3038870)13 
£0.0615976110.303 5664)h2) 
19,.0616700]10.3034459]11 
10.0617424110,3032255 Io 
10.0618149/10.3030053} 91 
10.0618874/10.3027852] 8| 
10.0619600)10.3025653) 7} 
10.0620326)10.3023455| 6 
10,0621053}]10.3021259) 5} 
10.0621780|10.3019064] 4} 
10.0622508|10.3016871] 3} 
10.0623 236]10.3014679] 2} 


10.0614530,10.3041078 
10.0615253 


Peg See be ee eRe ee (a Sie teil 
ht PT hey a2 REE eS 


Artificial Sines, 


yer e 


10|9.701 1508) 
a 9-70136381 
12|9-701§85219.93665 19 
11319¢701 8022/9.9365793 
[1419-70201909.9305047 
(151907022357\9-9304311 


30 Degrees. 


-19-7660949)10.23 39051 1010636426] 10.2975477144 § 
6} 19.7663 85 1|10.2336149 


Secant, 
10.002469., £0.3010300 6o| | 
10.0625 423|(0.30081131cq] | 
10.06261 § 3]10+3005927)58] 
10,0626884|10.3003742/57| |, 
10.062761 5]10.36015 59/56) 
1031 10.0628347 10.2999378 551 
9.7631881|10.23681 ig! |10.0629079]10.2997198 541 0 
9.7634792|10.2365208 10.062931 1[10.2995019|53) 
.763770210.2302298 Wee ae 10.2992842|52) — 
764061 210.23 593 88]|10.0031273)10.2990060/5 1} 
9.7643 526 10.23 59480] | 10.003 201 2)10.2983492\50} 
9,7646427|10.23 53573} | 10-003 2746|10.2986319|49 
9-7649334|10.23 50666) 10.003 3481)10.2984148)48) 
10.23.47761 || 10.063 4217|10.2981978147) 
10.23.4485 7| | 10000349 5 3|10.2979810)46 
-755 8047|10.2341953 10.063 5689 10.2977 643145 


———— 


3 


9766675 1|10.23 33249 


19-766995 1/10.2330349 


9176725 501012327450] |10.0639379]10.2966830)40} 

9.7675 448)10.23245 52] |10.06401 19}40.296467 1139) 

4|16.2321056) |10.0640859}10.29625 14138} 

10.0641 599]10.29603 59/37] 
0.0642340]10.2958205130} 

}7029)10.23 10.0643082110.295605 3/33} 

9-7689922/10.23 10073] |10.0643823 10,29§3901 3 

9-7692814|10.23071 86] |10.0644566}10.295 1752133) 
9+7695705/10.2304295| | 10.0645 309] 10.2949603|32] 
9-7698596|10.2301 404) |10.0646052|10.2947457 a 


9:7791485)10.22985 1 5}.|10.0646796 10.2945311 30] 


Tang... 
sg Degrees. 


ie Bit °F ae 
eh lish 


Zangents, ana Secants. 


30 Degrees. 


M) Sine. \Secant. | 


90 2-705 4080)9.93 53204 


3519-7085394]) 9349477 
319.7207 53119-93487 30 
3719-705966719.9347933 
3819.707180119.9347235 
3919:7073933,9-9346486 
4919.707606419-9345738 
4119.707819419.9344988 
4219.708032319-9344238 
$319-708245019.9343488 
4419.7084575|9-9342737 
4519.7086699/9-9341986 
4.0|9-708882219.9341234 
4719-79909 43|9-9340482 
4819.7093063/9.9339729 
49|9-7095 18219.93 38976 
15019-7097299]9-93 38222 
5119-709941 5199337407 
§2|9-7 1015 2919-9336713 
5319-7 036421993 35957 
§419-710575 319-9335 201 
5519-710786319-9334445 
3619.7109972|9-93 33688 
571907 11208019-93 3293! 
| 45819.7114186/9-9332173 
159\9.711629¢/9-9331415 
6019.7118393]9.9330056 


Tang. 


9.701485 Io 2298515) 


en] Lora 10.2289853 
9.771303 3110.2286967 
9.7715917|10.2284083 
9.7718801]10.2281199 
9.7721684|10.2278316 
9-77 245 60)10.2275434 
9°77 27447|10.2272553 
9.77303 27|10.2269673 
9.7733206|10.2266794 
9.7736084110.2263916 
9.7738961]10.2261039 
9.774183 8]10.22581 62 
9-7744713|10.225 5287 
9-7747588|10.225 2412 
19-7750462]10.22495 38 
9.7753 334] 10.2246666 
9-77 56206}10:2243794 
9.775907 7]10.2240923 
9.7761947110.223 8053 
9.7764816]10.223 5184 
9 7767685|10.223 2315 
9.77705 §2]10.2229448 
9.777341 8|10.22265 82 
9.7776284]10.2223716 
9-7779149 10.2220851 
9.7782012 10,2217988 
9.7784875|10,.2215125 
9.7787737 10.2212263 


Tang. 


10,0 649791 


10.0647541 
10.0648285]10.2941025|28 


10.064903 1]10,293 8884 
10.0649777|10.293674 4126 
10,0650523}10.293 4606) 25 
10.065 1270,10+293 2469 ‘ 
0.065201 7|10.2930333 
10.065 2765'10.2928190]22 
10,065 3514, 10.292606 
10.065 4262! 10.2923936|20 
10.065 501 2,10.2921 806/19 
10,0655762,10.2919677 18 
10,0656512;,10.29175 50/174 


102945311 30 


}10.0657263)10.2915425|16 


0.065 8014: 10.2913 301 15 
10.065876610.2Q11178}1 4}. 
10,0659518/10.2909057|13 
10.066027 1;10.2906937|12 
10.0661024110.2904818}11 
er To}. 
(o-aseyee loczegaqril 8 
066328710. 1] 8p 
10,0664043|10.28963 58] 7 
10.0664.799|10.2894247! 6F 
10.0665 555|10.2892137] 5 


ee 


‘epiia 


A Table of Artificial Sines, 


119-71 2049 519.93 29897 
-219.712259019.93291 37 

319 7424695 :9.93 28376 

419.7 126792/9.93 27616 
519-7128889 9.93 26854 

619-71 30983,9.93 26092 
| 719:7133077)9-93 25330 

8 997135 1699-9324567 

9]9-71372609.93 23804 
pas Chany ela 
1119.7141437/9.93 22276 
12)9-7143524.9.9321511 
13|9°7445609 9.93 20746 
1419+7147093 9.931998 
15/907 1497769-9319213 
1619-71 51857,9.9318447 
1719-7153937 999317679 
18]9.7156015 1909316911 
19}9-7158092/9.93 16143 
20/9.7160168/9.9315374 
2119.710224319.9314605 
22/9,71043 1619.93 13835 
2319.716638719.9313065 
2419.716845819.9312294 
2519.7170526 9-9311522 
619°717259419.9310750 
2719.7174660)9.9309978 
481907176725 19 9309205 
42919-71787 8919.9308432 
019.718085 1 19.9307558 


31 Degrees. 


Tang. 


9.7787737|10.2212263 
9-7799599}10.2209401 
9:7793459|10.2200541 
9.77903 18.10.2203 682 
9-7799177|10.2200823 
9.780203 4|10.21979 66 
9.780489 1/10.2195 109 
9.7807747|10.2192253 
9.7810602 10.2189398 
9.7813456,10.2186544 
9.7816309 10.2183691 
9.7819162 10.2180838 
9.7822013 10.217798% 
9.7824864'10.2175136 
9.7327713 10.2172287 
9.7830562 10.2169438) 
9.7333410 10.2166590 
9.7836258 10.2163742) 
9.7839164 10.2160896. 
9.7841949 10.215 8051) 
957844794 102155206 
9-7847638 10.2152362 
9-7850481 10.2149519) 
9-785 3323 10.2146677 
97856164 10.2143836 
9.7859004 10.21 40996 
9-7861844 10.2138156 
19-7864682 10.2135318 
97867520 10.2132480 
9:7870357 10.2129643 
9-7873 193 10.2126807 


| Tang. 


10.0673146/10.2871111 oa ve 
10,0673908}10.2869017/ 541 
10.0674670}10.2866923 53 


10.0675 433110.2864831/¢2) 
10.0676196}10.2862740/¢3| | 
10.0676960]10.286065 1/5) 


10.0677724]10.285 8563149 
10.067 8489|10.2856476)48) 
10,0679254)10.2854391/47 
10.0680020]10.2852307|46 
10.0680787 10.2850224145 
10.0081553|10.2848143/44 
10.0682321|10.2846063] 43! 
100683089 ]10.2843985\42 
10,0683 857|10.2841908} 
10.0684626}10.283933214 
10,0685395|10.283 7757139 
10.0686165110.283 5684/38 
10.0686935/10.283361 3137 
10.0687706]10.283154213 
10.0688478]10.2829474)3 


——— eee 


0.06892 50]10.2827406)3 


| fhe ee 


30 9.728085 1 99307658 
19.7 18291 2}9.9300883 
9306109 


3419-7 1 89086)9 9394557 
3519-7191 142}9-9303781 
13.019.7193 19619-9303004 
(3719-7 195249 9.9302226 
13819.7197300)9-9301448 
13919-719935019-9300670 
|» 14919.7201399 9.9299891 
4119.7203 44719-9299112 
44219.7205 49319-92983 32 
} 14319-7207538]9.9297551 
[4419-7209 58119-92997 70 
—-$4519.7211623)9 9295989 
- 44619.7213664)9.9295 207 
479-7215 704]9-9294424 
48/9e721.774219.9293041 
4919-721977919-9292857 
50|9-722181419.9292073 


53/9-722791319.9289718 
5419-7229943/9.9288932 
5519-723197219-9288145 
15619.72340001949287358 
5719.723002619.9286571 
5819-723 805 119.9285783 
5919-724007 5 |9.9284994 


s Sine, 


rents, and Secants. 


Tang 


31 Degrees. 


Tang. | 

9.7873 193|10.2126807 
19.7876028)10.21 23972 
9.7878863110.2121137 
9.7881 696] 10.2118304 
9.78845 29]19.2115471 
9.7887362|10.2112639 
'9.7890192]10.2109808 
(9.789302 3] 1002106977 
9.789585 2/10.2104148 
ig.7898681/10.2101319 
9.7901 508) 10.2098492 
9.7904335|10.2095 065 
9-7907161| 10.2092839 
9.7909987 10.2090013| 
19-791 2811, 10.2087189 
9.791563 5] 10.2084365 
9.791845 8 10.2081 542) 
9.7921 280|10.2078720 
9.7924101| 10.2075 899 
9-7926921| 10.209 3079 
9:7929741|10.2070259 
9:7932560|10.2067440) 
9.79 35378) 1002064622 
9 7938195}10.2061 805 
9-794FO1T]10.2058989 
9-7943827| FO 2056173 
\9-794064.1]10.2053359 
19:794945 5] FO.2050545 
19.7952268|10.204.7732 
19-795 508110 2044919 
9.795 7892|10.2042108 


Tang. 
(58 Degrees. 


} 


Secant 
10.0692342 10.2819149 30} 
10,06093117}10,281708£|29 
10.0693 891|10.281 5026] 28} 
10,0694667|10.2812970)27| 
10,06954.43|10.281091.4|20} 
10.0696219 10.2808858 25] 
10,0696996|10.2806804|24} 
10.06977.74|10+280475 1123} 
10.06985 52/10.2802700}22| 
10.0699330|10.2800650)21) 
10.07001 ©9|1002798601}29} 
10.0700888}10.27965 53]! 9) 
10.9701668/10.2794507]! 3} 
10.Q702449|102792462)17] 
10,0703 230|10.2790419 16 
10.0704011|10.2738377|'5| 
10.0704.793|10.27 8633 6] 1 4 
10.0705576,10.2784296)13 
0.07063 59)1 0.278225 8] f a 
10.0707143|10.2780221[11 
10.0707927|10.27781 86,10 
10.07087 11|1062776152) 9 
10.0709496|10.2774119} & 
10.0710282/10.2772087 
(0,071 1068]10,2770057 
10.2768028] 5] 


10.0712642|10.2766000} 4 


10,0713429|10.2763974| 3 
10,0714217|10.2761940} 2 
10.071 5006]10.2759925) If: 


A Table of Artificial Sines, 
32. Degrees. 


] 


Tang. 


“ol 724209 |9.9284205| '9.7957892 10.2042108 


19-7244 11519-928345 5 \9-7960703 10.2039297 
219.7 24013 819.9282625] 19 7963 513|10.2036487 
3|9.724815019.9281334 
419.7 250174|9.9281043 


9.79663 22 10.2033678 
9-7969130}10.2030870 
'9.7971938|10.2028062 


9.79747 45|10-202525 5 
9.797755 1|10-20224.49 


9-79803 56]10.2019644 
10.2016840 


10,2014036 
10.2011233 
10,2008431 
19.2005630 


619.725 218919.9280251 
619-725 4204)9-9 279450 
719-725021 719-927 8666 
819-725 822919-9277873 
9|9-7 26024.0/9*9277079 

10/9.7262240 9-9276285 

1119-7 264257 [9-927 5490 

| 12/9-726626419.927469 5 
13|9.7268269|9 9273899 
149-7 270273|9-9273 103 
19 727227€19.927 2306] 9.7909970|10 2000030 
[L619 7274278)9-927 1509] 9.8002 769/10.1997231 

1 719-7276278)9-92707 11) 9.8005 §67)10-199443 3 
13|9-727 8277199269913} 9.8008365)10 1991635 
1019-728027519-9269114] 9.8011161|10.1988839 


2cl9.7282271]9-9268314] 9.8013957|10 1986043 
9.801675 2|10.1983248 


2119.728426719.9267514 
2219.7286260/9.926671 4 
2319 728825 3|9.9205913 
9.729024.419.9205112 
2519 729223419 9254310} 
2019.7294223|9-9203507 
2719.729621 11929202704 
2419.7298197|9-9261901 
»olg. 73001 8219.9261 096 
3019-7302165|9. 92602092 


Sine. 


9.7983160 
97985964 
9.7988767 
9.7991569 
9-7994370 
9.79971 70 


‘9.80223 40|10.1977660 
9.8025133110.19974867 
9.8027925|10.1972075 
9.8030716|10.1969284 
9.8033 506)10.1966494 
9.8036296|10.1953 704 
9.8039085}10.196091 5 


102002830} 


9.80195 46}10.198045 4} 


Secant, 


10.0715,795}£0.2757903]40 
10.07 165 85|10.275 5882) co}. 
10,07173.75|10.275 3802158 
10.071 8160) 10.275 184157 
10.0718957 10.274982¢ 56] - 
10.0719749]10.274781 Gs 
10.07 205 41|10.2745 796) < : 
0.07213 34|!0.2743783}¢5 
10,0722127)10.2741771)6 a} 
10,0722921|10.273976"|5 i 
10,0723715|10.273775 t1<0 
10,0724 510}19-2735743149) 
(0.0725 305]10.273373 5148] 
10°07 26101 {10.273 173 1}47 
10,0726897|10.2729727146 
10.0727094)10:27 27024048) 


10.0728491|102725722} 44) 4 


10,.0729289|10. 


10.0730087 10.2721723 42) 


10°0730886|10.2719725|4i] | 


10,073 1686]10.271 7729140 
10.073 2486|10.27 65733] 39 
10.0733 286|10027 1 3740/3 8] 
£0.073 4087|10.271174.7137} 
10.073 4888|10 2709756136 
10.073 569q]!0.2707766)3 5 
10.0736493|10.2705777134 
10,0737 296|! 0.2703 790}3 3 
10.073 8094]! 02701 803/32 
10.073 8904]! 0.269981 8)31 
10.07 39708}10.269783 5130 


[Secant. |M 


57 Degrees. — 


Langents, and Secants. 


a 32- Degrees. 


3119.7 304149]9.9259487 
3219.7300129)9.925 8081 
3219-7308109/9.925787 5 
3419-73 100879 9257069 
3519-73 12064 9.9256261 
3619.731404019.9255454 
3719.73 1601519.9254646 
3819.731798919-925 3837 
139}9-731996119.9253028 
401907321932 9,9252218 
{4119-73 23902}9-9251408 


4419.73 2980319. 9248974 
4519-73317 68)9 9248161 
47|9:7335 09319-92465 35 
4819+733765419-9245721 


9-7345485 


5019.7353290|9-9239191 
7|9:735524619-923 8373 


19.81 25174 


Lang. 
9.8041 873 
9.8044601 
98047447 
9. 8050233 
918053019 
9.805 5803 


9.8061 370 


10.1958127 


10.1955339 
10.1952553 
10.1949767)}, 
19.1946981 
10.1944.197 
10.1941 413 
10.193 8630 
9.806415 2410.1935848 
9.80669 3g|10.1933067 
9.8069714 10,1930286 


9.8072494]10.1927506 
9.807 5373)10.1924727 
9.807805 2|10.1921948 
g.8080829]19.1919171 
9.8083 606] 10.1916394 
9.80863 83|10.1913617 
g 8089158/10.1910842 
9-809 193 3|10.1908067 
9.8094707|10.1905293 
19.8097480 10.1902520 
9.8100253|10.1899747 
9.8403025| 10-1 896975 
9 8105796)10.1894204 
9.8108566 10,1891434 
9.8111336|10.1838664 
9.8114405|10.1885 895 
9.8116873)10.1883127 
g-8119641|10.1880359 
g.8122408}10.1877592 
16.1874826 


Tang. : 


secant | 

10.0739708|10.2697 535 
10.07405 13|10.2095852120 
10.07413 19]10.2693 871128 
10.0742125 eat tae 27 
10.074.2931|10.2089943126 
10.0743739|10.268793 6) a5 
10.0744546|10.2085960]24| | 
10.0745 354|10.2683985|23 
10.0746163|10.268201 1}22 
10:0746972|10.2680039]21 
'10.074.7782|1002678068}20 
10.0748592|10.2676098 
10.9749403|10.2674130 
10,0750214|10.2672163}17 
10.0751026|10.2670197116 
10.0751839 10,260823 2115 
j10.0752651/10.2066269}1 4 
10.075 3465|10.2664307|13 
10.075 4279|10.2662346]12 
(10.075 5093 10.26603 86]1 1) 
{10.075 5908|10.2658428]1 
10.0756723|10-2656471] 9 
10.0757539|10.2654515] 8 
10.075 8356)10.2652560) 7 
10,0759173|10.2650607 
10.0759990]10.2648655 
10.0760809|10.2646704} 4 
1090761627|10.2044754) 3 
10,0762446|10,2642805} 2} 
10.0763 266]10.26408¢8} 1 
10.0764686] 10.263 8912] o} 
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(em|9-730303 219.923 5093 
V 21967364970|9.9234272 
~=4 319-736091819.9233450 
419-7 36885 919.923 2028 
5|9-737079919-923 1 805 
619-737 2737|9-9230982 

| 719-737407 9).9230158 
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| 919-73785 46199228509 
| 10/9:738047919-9227084 
1119+7382412]9-9220858 
41219-738434319-92 26032 
1319-73 86273|9-9225205 
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15|9-7390129)9-9223549 
416/9-7392055]9-9222721 
| 17/9-739398019.9221891 


78125174 
9.8127939 
g 8130704 
19.813 3468 
9.8136231 


19-81 38993 


98141755 
g.8144516 
98147277 
9.815003 6 
9 8182795 
9:8155554 
9.815831] 
9.8161068 
9.8163824 
9.81665 80 


i 


9.8109335 


10 1874826 
10.1872061 


10.1852723] 


10.1849964 


Q.8172089 
9.81 74842, 


| 


| 9.8177595) 


9219401] 9.8180347 
8 


9.81 $3098 


10.1830665} 110. 
HO.T 82791 1H 1¢ 
10.1825158]] 
10,1822405] 1) 
10 1819653}41 
10,1816902} |; 
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3 Degrees. 
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9.8207825 


| 134}9-742652019.9207717 
3519 742842319 9206878 


1% 


| 


secant. 

100788934 1062581105 30 
10.0789771]10.2579197 
10.0790607}10.257729c} 28 
10 0791445}10.2575 384] 27 
10.0792283)10.2573 480/26] — 
10.0793 122]10.25715 77125 
10:0793961}1002569675]24 
10.0794800 10.2567774]23 
10.0795640110.2565874 22 
10:0796481/10,2563976|21} : 


| | 1080797 322,10.2562079]20} 


1 19-8273513]1001726487 
96| |9.8276241110.1723755 


10,0798164,10.2560183}19 
10.0799006;10.25 58288 


|10.0799849 10.2556394|17]: 
. 10.0800692)10.2554502 16}: 
10.0801 5 36 


‘10.25 52610}1 5 
10.0802381/10.255072¢ 

10.0803 225110.2548831]13 
10.©804071)10.2546944|1 2] - 
19.0804917110.254505 7,01] | 
10.0805 763/10.2543172|10} . 
10.0806610 10.2541288 
10.0807 45 8110.2539405 
10.0808306}10.2537523 
10.0809155|10.253 5642 
10.08 10004|1 0.25 33763 
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‘A Table of Artificial Sines, — 


| 


— 34 Degrees. 


{M, Sine. | | Secant. 
3.9.747 501 7.909285 742 828: 374|to.17 10126 10.081425 i 


eee a | | 


0.2524383)|60} 
119.7477484 9.915489 9. §99|10.17074Q1] TO.O8r Fi ic plO.2g225rt 59 
219.7479 360,9-9184037] |9. ,|10.1 704677] 10081590 -|10.2520040)5 3) . 
£'Q 7431 309.9183153 047110.1701953|! 10081681 7]80.2518770/57) 
419 74.3049 9.91 82325] 19. \10.1099231]'10.0817571[10625 1690156) 
~Q 74a R1QG~ 9.5 31475] |9.8303492|10, 1696508] | 10.08185 25) 19,2515033/5 51 
6G 7466955 99180620) |y.3306213 10.1693787|, 10,0819 330|10.2513107 54. 
7'9 7488658 9.917974! |) 8308934|10.1 691056} 10,0820236)10.2511302/5 3) | 
219«7490562 9 yt 78g0d| 19.8311054]10.1088346),10.0821092 10.2509438/52) — 
'9 7492525 99178051) [9.8314574 10.1685626]'10,.0821949}10-2507575|5 1) 
5015-749 4287 9 9177194| |9.8317093]10. 1682907 '10,0822806]10.25C571 3150 


(-7490148 59176336] |9.831981 110.1680 69 10,082 3064 10.2503852/49} 
- 2197498007 9.9175474| [9 8422529/10.1077471 10,0824.5 22} 10.250199 3/48 a 

197499806 .9.9174619} 19 8325246110.1674754) 10,0325 381/10.25001 54/47) — 
6419 75 17239 6173760 10.1672037| 1000820240] 10.24938277) 46). 
Sie 5055 FOO 10 0827100}10.2490421145) 


—> 
e 4 


} 


oy 9-7505434 9-95 72040) : 6 44 i | 
£719-7507287:94917 1179, |) 2330109 43] 
1819-7509 140 909170317! g.8338823|10.1661157 aa) 


‘{19}9 7510991 9:9 169455: 9-8341536110.1053404 
wej9-7532842 9 9152) 
21/9.7514691,9 9167730 
2219.7§105 3819.91 00866 
2319.751838519.91 05002 
2419.75 2023119 gt 65137 98355094 | 

42519-7522075 6 9 83578041/10.1642196}| ‘ f 

- |26190752391919-91 63406} }-83605 13)16.103948, 10,2476081134} 
2719.75 25701 19-91025391 19 8363221|10.1636779} |10.0837461/10.2474239133] 
48\g.75.27002 191616731 19.8365929|10.163.407 1) oo) 
2919-75 29442 19-91 60805] [9.836863 010 163 1364 
3019 75312801 cD Fans pie wate: 


| Tang. 


—— 


Jangents, ana Secants. — 


34 Degrees. 


5clo.753125019.0859957||9-837454,]'0.1628057) 
3119-7533 1 1819-91 59005}} 16837474.) 0.102595 


321975 


3495 419-91 §8200|]9.837675 5] :0.1023245 


13 512-753079019-91 57330119 837940} 0 1020540 
1349-75 38024]9-9156460)|9.8382164]0.1017830 
35|9. 754045 719-915 5589|)9-838480 "11001015133 
30(9-7542288 9.91 547181/9,2387571]10. 1612429 
3719-7544119/9-91 53846) |9- 310.1097 27 
—13819-754594919-91 52974 
¥5619-7547777,9-9) 5210: 
496041).915 1228 ) 83¢ 


‘4919.75 


eam a 


19-8414569]10.158543! 
9.8417 265|10.1582735 
9.841996 1|10 158003, 
9.842265, 
308425351] 9.1574040 
11G.8428040]10.1571954 
\19.8430739 10.1509261 


5319-7573250 3 2410.15 0050 


119 75 


7500%19.933 


£519.75 7087 819-933 800" | 


1519.75 
719475 


98087|9-913 7179), 

80495|9-9! 30240 
219-9135415 

0119-84495 7% 

5 9.8452208 


a 


'10,0840063 10424087 26/30 


10,0845 232|10+24577132124 
10,0846154)10.2455881}23 
10,0847020;10.245405 | z2 
10,08 47899, 10.24 52224 21 
100848772 10 2450396)20 
10.084904/5! 10,244.85 69119 
10.085 05 21110.2440744 18} 
10.0851396,10.2444920 17 
10.085 227 1\10.2443095 16 
10.0853148 10.2441270 LS 
10,085 4024110.243945 414 
10.085 4901;10.243703% 
10.0855779110.2435818 
19.0856653)10 243407 Tf 
10 0857536110.2432185 
110.0858416,10.2430370) 
110.085 929%110.24285 504 © 
|15.0860176)10.2426744 
10,0801057}10.242493 2 

4 

10.0863704 

10,9864587 


10086547 1410.24.15 89: 
10,241 4037] 
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ey Degrees. . 


Tang. Secant. | - || 
BE Pee CE Ors ra (EEN 
119+758771719-9132760) 19 845 4956)10.15 45044) |10 08 724cliovzqtze83lsq) | 
} 219-7589516)9-9131875] |9.8457644l10.1542356 TO.0868125|1Oz410481/58] — 
3997593 32119.91 30989) 19.84.6033 2|10.15 39608] 110,086ga1 1 10.2408579)57] 
| 419:7593121)9.91 30102] |9.8463013)/10,1536982 10,086989 3}10.2 406879) 56) 
4312:759492019-9129215} Ig 8465705|10.1534295 10.08 70785]10.2405080/5 | 
6/9:759674 8/9.9128328 9-8468390]10.1 531610) 10.0871672 1o 4405282154 a 
719-7598515)9-9127440 9.8471075]10.1528925| 10,087 2560:10.2401485'53] 
819*762031119-91265511 19. 8.173760 10,1520240 |10.0873449110.2399689'52 
‘| 919-7602 1 06/9.9125 662] |9.8476444 10.1523 556) {10.08743 3 8]10.2397894'54 
_ 11019-7603 89g19 9124772 984791 27|10.15 20873) 10.0875 228}10.2396101'50 


11(9.760569219.g123882 9-8481810,10.1518190'|10.0876118 10.2394308 49} ~~ 

_ {82}9-7607483 9.9122991 9+8484492,10,1515508, 10.0877009/10.2392517148 
13|9-7609274'9.9122099] .9 84871474 10,.1512826 |10,08779G01 10.2390726 47) 
1419.7611063'9.9121207 9-8489855 10.1510145 |10:0878793 10,2388937'46 
1§/9.7612851|9.9120315 9-8492536110.1507464 10.08 79685 10.23387149'45 
1619-761 4638 9.9119422 9.8495216,10.1504784 }10.0880578 10.2385362'44 
£7/9-7616424'9.9118528 9.8497896. 10.1 502104 10.0831472 10.2383 576143 
18 9-7618208 909117534 |9-8500575 10.1499425 |10.0882366 10.2381792142) 
19 9-7619992,9.9116739 9-8503253 10.1496747, 10.0383 261 10.23 80008) 


I 


4 

2019.7621775 9.915844 9s8505931,10.1494069 |10.0884156 10.2378225140 

2119.76235569.9114948] |9.8508608 10.1491392. 10,0885 05 2110.23764.44139 
_422/9-7625337/9.9114051) 19.8511285 10.148871 5 | 10.0885945\10.2374663/38 

23 9.76271169.91 13155} 19-85 13961,10.1486039)|10.0886845 10.2372884|37 

2419-7628894,9.9112257) 19685 16637 10.1483363/|10.0887743|10.2371106136] 

2519.7630671/9.91 11359) |9-8519312 10.1480688 10,088864 1}10.23693 29/35} 4 

2619-7632447,9-91 10460 9-85 21987,10,147801 3||10.0889540 10,2367553134) ¥ 


719-7634222/9-9 109561) 19.85 24661 10.1475339!/10.0890439110.2365 7781331 
4819-763 5996)9.9108661 9-85 27335 10.1472665 10.0891 339]10.2364004|32; 
2919.7037769.9-9107761) \9.8530008 ro,1 469992 10.0892239/10.2362231/31[- 
30 9.76395 4019-9 106860 9-853 2680 10,1 467320]|10.0893140 10.2350460/39 


Sine.|| | Tang, J} Secant, (Mj 
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Secants. 


35 Degrees. 


\m) Sine. 
-[yold 703954¢ (9 9100860 
311970413 (1]9-9105959 
»13219-764308-]7-9105057 
13319-7944 345)9- 9104155 
34 975466149 9103251 
35)9:748382 yeoeae se? 
36)9-7050147{9-9101444 
37 9-7651911 9.9100539 
 13819-765 367 4}9-999903 4 
3919-765 5436)9.9098728 
seIereS7t97 R27" 
41|9-766895 7}9-90909 #5 
4219-76607 1 519-9995007 
4319-70624 73)9-90995°99 
4419 7664229/9 9994190 
145|9-766598519:9093 28) 
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| ~ 14 6l9.766773919 9992374 


4719-76949 219-909 1461 
4819-767 124419-99905 50 
4919-767 2996)9-9089639 
5019:7074746 9.9088727 
oe 9.7676494 9 9087314 
52 507678242 9.908690! 
5319-797998919-9085988 
54|9-7081735)9 9095073 
55 9-7683480 9:9084159 
' |5619.768522349 9083243 
$7/9-768696619-90823 27 
'5819-7688707|9-908 8441 
5919-769044819-9080494 
6oj9.769218719-9079576 
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sg Degrees. 
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9 8532080) 10.1 467320 
9:85 35352|10.1404648 
9,853%023/10.1461977 
9 8540694]10.1459306 
9.8543305]19.1456035 
19.85 46034 10.1453960| 
98548704 10.145 1290) 
'9.8551372|101448628, 
9-8554041]10.1 445959 
9-8556708}10.1443292 
9.85 59376) 10.1440624 
9-3502042|10.1437958 
9-856 4708|10.1435292 
9.8567374|10.1432626 
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9.8572704|10.1427296 
9.8575368)|10.1424632 
9 8578031), 10.1421969 
9.858069 4) t0.1419306 
9.859335 7] 101416043) 
Q 858501g]10.1413981 
9.85 88680|10.1411320 
9.8591341]10-1 408659) 
9 8594.002]10.1405998 
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9 8599321) 10.1400979 
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9.8619610 10.1387390 


—==> 


Tang. 3 
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10,09 1767 3|£0.23 13034 
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10/9 7709$22}9. }:907937¢ 
fr1/9.7711249)9-< 506944! 
-19.9068522 
1319-771470219-9067597 
14|9-77164.2¢|9.906667 1 
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— 
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H\9-8628541/10.1371 450 
9 8531195(10.1368805 
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9.8662g97|10 1337003 
9 866564 s]10 1334355 
9.8668291/10.1331 706 
9.867093 7/10. 13,2906; 
9-8673583|10 1326417 
9.8676228]/10.1323772 
9-8678873/10.13 21127 
9e8681517|10. 1318482 
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98692089] 1061 307915) 
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10.0923180 
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(0 0934476 
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3519. 775249G19-90471 00) 19.8705293 
3019-77 § 4101|9-90401 08, 19.870793 3)10.1292067 
3719-7755 80119-9045230 19 8710572)10.1 289428 
3819.775750119-9044291, 9.8713210 10.1286790 
3919-7759199)9-994335 1] 19.8715 848)10.1 254452 
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10.1307911 
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19.8721123/10.1278877 
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439-77 0598349-90395 87; 19-87 26390)10.127 3604 
44419 776757619: 9038644. 19.87 2903 2{10.1270468 
0037701) 19.8731668]10.12083 32 
419.777 106019-9°3 97 $7] 19.875 4302110.1265698 
4719-77727 50)9°903 5813 [9 8756937)10.1263003 
4819-777443919-903 4803] 19.8739571110.1 260429 
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: 9-9032977|19 8744838/10.1255162 
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9029188 19.8755 305]10.1244635 
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ee 
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10,095 1020]10.225100- 


10.095 195 7|10.2249304 
10.095 28g94|10.2247601 
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10.095 8530|10.2237407 
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\10.0969804/10.2217130 
(0.097081 2/10.2215447 
10,0971 761|10.2213 705 


10.0972711410.2212084] 


10.097 3661]10.2210404' 
10,097461 1}10.2208725 
10.0975 §52]10.2207047 
10,09765 1 4] 10.220537¢ 


| re Ty 


 «Secant. 


ee 


7797981 9.goz15st 
7799855 9.9020628 
.780132819.9019674 


9.780467 119.901.7764 
3.78063 4119.9016808 
819.7 808at0]9-9O1 5 852 
9|9-780967 7192901 4895 

1 10/9-7811344}9-901393 
1119-781 301019.901 2980 
£2|9.7814675)9-9012021 
13|9-78163 3919-991 1062 
14/9 7818002|9.9Or10ro2 
15|9-7519664|9-90091 42 

| 16lg.7821324|9-90081 81 


“O 
i 
3 
4 
Les 
6 
7 


2119.782961 419-9003 367 
12219.7831268|9.9002403 
23|9.7832922|9.9001 438 


2419-783 4575|9-9000472 


30227/9.8999506 


Ce J 
he 


ows 

9.8771144}10 1228856 
9.877 3772|10. 1220228 
19 8776400|10 1223600 
9.8779027)10.122097 3 
9.878165 4 101218346 
9.8784 281/10.1215719 
9.3780g907|10.1213093 
19.8789533|10.1210467 
9.8792158/10.1207842 
9.8794782)10.4 205218 
9 8797407|10.1202593 
9.880003 1}10.1199969 
9.880265 4)10 1197346 
9.8305277 19.1194923 
g.8807g900)10.1192100 
9.8810522\10 1189478 


g.8813144110.1186856 
9.8815 765110.1184235 
g.8818386)10.1181614 
9.8821007|10.11 78993 
9.8823627}10 1176373 
}9.8820246)10.1173754 
g.8828866)10.1171134 
9.883 1484|19.1108516 
9.8834.103|10.1165897 
9.8836721|10.1 163279 
9288393 39|10.1 160662 
9.8841956|10.1158044 
9-8844572|10.1155428 


6}|9.8847189|10.115 2811 


928849805 LOeI 50195 


| Tang. 
52 Degrees. 


Table of Artificial Sines, ‘ 
137: Degrees. 


2 


Secant, 

10.0976514 10.220537¢ 60 
10.09 77466|10.220369 4159 
10.0978419|10.2202010158 
LOOG795 72) O SSR T ea yz 
10.09803 26}10.219867 215 
10.0981 231}}0.219700c 
10.0982236|10.2195 326 
10.0983 192}10.2193656 
10.0984148|10.219199C15 
10,0985 105 |10.21390323 
10.0986062}10.218865€ 
10,0987020|10,213699Ccl 1G 
£0 0987979]10.2135325148 
10°09889 35|10.2183661145 
10,0989898110.2181998|46 
10.0990858 10 218033€}45) 
10.0991819|10.217867 6144}, 


'10,0992781|10.217701 61 43}- 


£0.0993743|10.2175357/42| - 
10°0994706)10.21736g9}41) 
10.0995669|10.2172042|40 
10.099 6633)10.21703 86139 
10,0997597|10.21687 32135 
10.0998 §62/10.2167078|377 
10.0999528|10.2165 42536 
10.1000494|10.2163.773135 
10.1601 461|10.2162122]34 
10,1002428]10.2160472|33 
10.1003 396|10.2158823132 
10.1004364}10.2157176)31 
10.1005 333}10.2155529]30 


Secant. M] 


< 


ial | Tangents , and Secants. 
corn 
Degrees. 


3119.7846117}9.8993 097 

3-7847762)9.8992727 
33]9-7849406/9.8991756 
349.785 104919.8990784 
3519785 269119.8989812 
3019-78543 3 219.8988840 
3719-785597 219.8987 867 
3$19.785 761 119.8986893 
3519278592 1919.8985919 
4019.7 8608 86/9.8984944 


| /4219-7854157]9.8982992 


+3)9.786579119.8982015 
+4|9:786742419.8981038 
4519.786905 6/9.8980060 
4619.7870687/9.8979082 
4719-78723 17|9-8978103 
4819.7873946)9.8977 123 
4919.7875574|9-89761 43 
5919.787720219.8975162 
51|9.7878828]9.8974181 
5219.788045 319.897 3199 
53]9-7882077|9 8972216 
5419-7883 701|9.8971233 
| 435]9-788532319.8970249 

5619.788694.419.8969265 

5719-78885 6519.8968280 

5£19.7890184|9.8967294 

5919.7891 802|9.8966308 
|6°l9.7893420/9.8965 321 


Sine. 


ae 


10.1150195 
9 8852420}10.1147580 
9-885 503 5}10.1144965 
9.885765clio 1142350 
9.8860264/10.1139736 
9.8862878)10.1137122 


9-8865 492]10.1134508 
9-8868105]10.1131895 
9-8870718}10.1129282 
9:88733301t0.112667¢ 
).8875942|10.1124058 
9.837855 4]10.11 21446 
9.8881165]10.1118835 
9-8333775}10.1116225 
9.88863 86}10.1113614 
9-888899F10.11 11004 


9.8891605}10,1108395 
9.889421 4110.1 10578( 
9.8896823}10.1103177 
9.889943 2]10,1 10056§ 
g.8902040]10. 109796 
9 8904647}10.1095353 
9.890725 4]10.1092746 
9.8909861|10.10901 36 
9-8912468]10.1087532 
9.8915074]10.108492¢ 
9-8917679]10.10823 21 
9.8920285|10.1079715 
9-892289C] 101077110 
9.8925 494]10.1074506 
9.8928092|10.1071902 


| Tang, 


10,1005 3 33/10.21555 20/3 

10.1006303/10,215 3883129 
10.1907273/10,.215223 8128 
10.1008244]10.2150594|27 
10.1009216)10.2148951126 
10.10LO1 88]10.2147309|25 
10.1011 160)10.2145668|24 
10.1012133)10.2144028]23 
10.1013 107110.2142389 Z2 
TO.1014081,10.21407513/21 
101015056 10.2139114|20 
10.1016032,10.2137478]/1g 
10.101 7008,10.2135843}18 
10.101 7985 10.2134200}17 
10.1018962:10.213 257616 


10.1019940 10.2130944 15 


10.1020918)10.2129313 

10.1021897:10.2127683113} 
(0.1022877;10,21 26054] 12} 
19,1023857:10.2124426|14 
10.1024838)10.2122708}10 
TO.1025819:10.21211721 g 
10.102680r/10.2119547| 8 
10.1027984110.2117923 

10.1028767]10.2116299]| 6 
10.1029751}10.2114677] sf - 


10.1030735/10.2113056) 4 
(0.10317 20/10.2111435) 3 
10.1032706/10.2109816] 2 
10,103 3692/10.2108198] » 
10.103 4679}10.2106580} 6 


‘Secant, 


52 Degrees. 


F 


A Table of Arvifciil Sines, 
38 Degrees. 


Tang. Secant, | 
sige 15.16} 1991 nop] 08 SsTO 
948930702 10,1069298)) 10 10356606,10.2104964 59 
9.89 33306 10.1006694 10.1036654}1 062103348153 
9.893 5909 10.1064091 10.103 764.2}10.2101734/57 
9.893851 1 10.1061 489 10, 103863 111021001 20\56 
9 8941114 10.105 8886 |10.1039621 10.2098507|5¢ 
9.8943715 10.1056285||10.1040011 10.2096896|54 
g.8946317 10.1053683 10.1041 602}10.2095285/53 
g.8948918 10,1051082 [1011042594 10.209 3675|5 2! 
9.951519 10,1048481 10.1043 586|10,209206715 5 
9.8954119 10.1045 881 |10.1044578]10.2090459'50 
19.8956719 10.1043 281} | 10.1045572 10.208885 2/49 
9.8959319 10.1040681 10,1040565|10.2087246/48 
9.8961918 10,1038082 110,1047560]10.2085 641/47 
9.896451 7 10.103 5483} | 101048555 10.20984037|40 
9.8967116 10.103 2884) 10:1049550 10.2082434145 


a ed 


Mj} Sine. 
» a19.789342¢ 9.896532! 
719-789503 419-8943 34 
219.7896652 9.8963346 
3/9-7898266 9.8962358 
419.7899 880)9.8961359 
| §19-7921493}9-8990379 
619-7903 104)9-8959389 
71979047 15}9-8958398 
819-7900325|9-8957406 
| 919.7907933/9-8956414 
10/9:7909541\9-895 542? 
1119-7924 1148/9-8954428 
1219-79275 4:9-8953435 
1319°7914359;9-895 2440 
1 419+7915963,9-8951445 
15|9-7917566,9-8950450 
16|9-7919168-9.3949453 
1719-79207 69 9-8948457 
1819-79223 69 98947459 
19 9-7923968 9-8946461 
20\9-7925 5669-8945 463 
119-7927163 9-8944403 
2219,79287609-8943 464 
2319.7930355,9-8942403 
2419.7931949,9-8941 402 
[25]9-7933543,9- 894041 
— $2619-793513519-8939458 
719.79367 27|9-8938456 
2.819793 8317/9 3937452 
2919.7939907|9-8930448 
30 deci 


Sine. 


Ah bE: Degrees. 


9.89723 12 10.1027688) | 10.105 15 43)10.2079231143 
9.89749 10,10.1025090} TO 1052541|10.2077631/42 


9.8980r04 10.1019896 10.1054537|10.2074434|40 


9.8982700 10.101 7300] |10.1055537 10.207283 7139 
9.8985296,10.1014704 10, 10565 36|10.207 1240/36 


948990487|10.1009513| |10.1058538]10.206805 1 36 


9.900605 2/10,0993948 10.1064556 


-| Tang. 


> 


98969714 10.1030286 jt9-1050547 [0.208083 2144] 
| 


9.8977507,10.1022493 10.105 3539{|10.207603 2141 i 


9.8993082|10.1006918) }1q,1059539 10.2066457/35| 
9-8995677\10.1004323 10.1060542 10,2064865 34) 
9.899827 1\10.10017 29] |10.1061544]10.2063 273/33} { 
9.9000865|10.09991 35} |10.1062548 10.2061683|32] 
9.9003.4.59\10-099654.1} |10-1063552]10.2060093/31) 

10.2058504|30] — 


|Secant. (Mj _ 


9.8987 892,10.1012108] |10.1057537 10.2069645/37|. 


35)5:7949425|9.8930412 
319.795 1008|9.8929404 
3719.7952590|9.8928395 
319.795417119.8927385 
35192795575 119.8926375 

9-795 7330\9-8925365 

9+795390919.89243 54 


4319.7962062\9.8922329 
4419.796363819.8921316 


5119 797 404019.8914208 


5219.7976208|9.8913191 


$3)9-7977775|9 89t2172 


5719:7984034}9.8908092 
5°19.798559¢19.8907071 
5919.798715819.8906049 

:7988748}9.8905026 


60 
‘Sine. 


en 


10 0986170 
9.9016422110.0983 578 
}.9O190 13} 10.09 80987 
9-902 160411 0.097 8396 
J-9024195]10.0975805 
9-902678(110.0973214 
9.9029376|10.0970624 
9.9031966}10.0968034 
9-9034555110.0965445 
9.9037144110.0962856 
9-9039733|10.0960267 
9.90423 211010957579 
9:904491e}10-095 5090 
9-9947497|10.0952503 
9.9050085}10.094991 5 
9.905 2672/10 0947328 
9.905 5259)10.0944741 


9:9057845 1010942155 
9.900043 1]10.0939569 
9.906301 7110.0936983 


949065 6031 (0.0934397 
9.90681 88}10.0931812 


||9:9970773110.0929227 


9.907 3357|10.0926643 


9-907 5941 10.0924050}- 


99078525)10.0921475 
9.908110¢} 10.091 8891 
9.908369z}10.0916308 


| Tang, 


___Tangents, and Secant —_ 


10.1065 561 10.2056917|29), 
10.1066567) 10.205 5330128 
10.1067574)10.2053744 


10.1068581110.205 2159} 26 
10,10695 88}10.2050575|25) 
10.1070596)10.2048992|24 
10.1071605)10.204741C)23 
iowobagN re.coqe tee om: 
10,1073625:10,2044249)21! 
106107463 5110.2042670|2° 
; 646'10.2041091) 19, 
ENR Fe Seoiay 18 
0.107767 1110.2037938 
10.107868,4|10.2036362 


10.1079697/10.2034788 


10,1080711{10.203 3214] "4 
10.1081726'10.2031641} "3 


10.1089867|10.2019094 
10.1090887}10.2017530}- 
10.1091908]10.201 5966 
10.1092929]10.2014404 
10.1093951]10.2012842 
10.1094974|10.2011 282 


| {Secant. | 


= SP 2. 


[ao nner AR REARS A aR ERRIT Lip RAE STI OE 


A Table of Piifetal Sines, 


Mm] Sine. 
{0919-79887 18}9.8905026 
| 119-799027819.8904003 
219:7991836)9.8902979 
3/9:7993394)9-8901954 

| 4199799495 119-8900929 
$19-7996507)9-8899903 
619.7998062)/9.8898877 
7|9-799961619.8897 850 

4 819.8001 169)9.8896822 
9|9.80027 2 119.8895 794 
10|9 8004272)9.8894765 
1 1}9.8005823/9.8893 736 
12|9.8007372)9.8892706 
13|9¢8008921 9.389 1675 
1419.8010468)9.8890644 
1519.8012015|9.8389612 
1 619.8013561 (9.88885 80 
17 9-801 5106)9-8887547 
1819.8016649|9+88855 13 
19]9.8018192|9-8885479 
2019.801973 5 9-8884444 
2119.80212769.8883 408 
219,8022816)9.8882372 
2319.80243 559-8881 335 
2419.8025894|9-9880298 
\2519.802743 1|9-8879260 
2619.8028968/9.8878221 
‘42719.8030504|9.8877182 

- ]48]9.803203 8198876142 
129|9.8033572|9-8875102 
}30}9.8035105(9-8874061 


Sine. 


39 Degrees. 


Tang. 

9.9083,.692/ 10.091 6308 
9 9086275|10.9913725 
9.908885 8)10.0911142 
9.9091440]10.0908 5 60 


9.9094022}10.0905978) 


10.1094974 
10 1095997] 102009722] 5 
10.1097021}10.26081 64) «8 


9 9096603|10.0903 397| |10.1 100097|10.2003 493/55 


9.9099185)10.0900815 
9.9101766|10.0898234 
9.91043 47/10.0895653 
9.9106927]10.0893073 
9.9109 507|10-0890493 
9.911 2087|10.0887913 
9 9114666)10.0885 334 
9.9117245}10.0882755 
9.9119824 10.0880176 
9.9122403 10.0877597 


9.9124981/10.0875019} 


9-9127559|10.0872441 
9.91301 37|10.0869863 
9.9132714|10.0867286 
919135 29 1|10.0864.709 
9.91 37868)10,08621 32 
9-9140444)10.0859556 


9-9143020]10:085 6980} 


9-9145595)10,085 44.04 


9-9148171|10.08518291 


9-91 50747|10.0849253 
9-9153322|10.0846678 
9-915 5896110.0844104 
9-915 8471]10.0841529 
9.9161045}10,083 8955 


| Tang. | 


10.1105 235}10.1995728!5 

101106264] 10.1994177149 
10,1107294|10,1992628/48} 
10,110832§110.1991079|47 
1001 1093 56/10, 198953214 

10,11 £0388) 10.1987985145 
10.6111420]10.1986439|44 
10.1112453)10.1984.894)43 
10 1113487110.1983351)42 


TO.1114521}10.1981 808/41 


10.1115556 10.1980265 40 


10.1116592 10.1978724 39 
10.1117628119,19771 84] 38} 
10.1118665110:1975645137 


10.11 1y702|10.1974106)3 6}. 
1001120740] 10.1972569 35 


10,1121779|£0,197103 2134 
10.1122818]10.1969496133 
10.1123 858(10.1967962|32 
10.1124898/10.1966428)3! 
10.1125939}10.195489 5130} 


(Secant, [M 


~ Langents, and Secants. 


36/9-8044284|9.8867801 
3719-8045811 9.88667 56 


3819080473 56}9.8865 710 


13919.8048861|9.8864663 
15. 8055038; 9.8863616 


14619.80595 10198857319 
is 9.8061027/9.8856267 
4819.8062544|9.8855215 

19:8064060]9-88541 62 


51|9.8067089 9.885205 5 


§21908068602|9.885 1000 


53|9-80701 1 419.8849945 

4|9.8071626]9.8848889 
55 9.8073 136|9-8847832 
5619.8074646/9:8846775 
5719-80761 $419-8845717 


§819.8077662}9.8844659 
5919-80791 69}9-8343 599 
6019.808067 549 8842540 


39 Degrees. 


Tang. 
9 9161045 10.083895 5 
9.916361 8/10.0836382 
9.9166192/10.083 3808 
i9-9168765 10.0831235 
9.917133 8|10.0828662 
9-9173911|10.0826089 
9:9176483]/10.0823 517 
9 917905 5]10.082094 5 
9.9181627|10.08183 73 
9-9184198] 10.0815 802 
9-91 86769] 10.0813 231 
9.91893 40]10.0810660 
9-9191911]10.0808089 
9.9194481|10.0805519 
9-919705 1] '0.0802g49' 


9-9199621 10.080037g| 


9.9202191 10.0797 809| 
9.9204760}10.0795240) 
9:9207329 

9.9209898|19.0790102 
9.9212466)10.0787534 
9.921503 4]10.0784966) 
9.9217602|10:0782398 
9 92201 70}109.0779830 
19.9222737|10.0777263} 
9.9225304|/10.0774690 
9.9227871]10.0772829 
9.923043 7|10.0709 563 
9.923 3004|10.0766996 
9.9235570]10.0764430 
9.9238135 10.0761 865 


5° Degrees. 


Secant 

10.1125939|t0.1964895|30 
10.112698110.1963 363129 
10.1128023/10.196183 2/28 
10.1129066}10.1960301]27 
TO.LIZO110}10.195 8772126 
10.113115 410.195 7243125 
10.1132199 10.195575 6/24) 
10.1133244)/10019541S0}23 
10.1134290]10.1952664|22 
FO1135337/1O.195L130]21 
10.1 1363 84/100194961 5120 


——— | oa 


10.1137432 10.1948092/19 
10.1138481/10.1946570 
F0.1139530/1OQ194 5040117 
10.1140580/10.1943528]1 


10.1141630 


10,1142681/10.19404g0 14 
10.1143 733]10.193897 3113 
10.1144785)10.1937456112 


T0.1155341/10.1922338] ~ 
10.1156401]10.192083 1) 


10.1157460]10.191932 
plete ee Ue sides fas AG a) 


SS a ETS 
40 Degree 

(Tang. | | 

9.02381 35\10 0701865 10,11 57460 10,19193 25160 
9.9 240701 }19.0759299]| 10.1 158521/10.191782c459 
81 19,9243 206 10 0756734 (oO 1gr63iCist 
9.924583! 10.075§4169 ‘ 3110.19 14812157) 
9.9248396 10.0751CoO4 : : 56, 
9.9250900]10 Lod 
9.92535 24| 40.074 10.1103832|10.1G10308} 5, 
g.9256083 £0,1194.896}10.1908808) 53] 
19-925865 2 10.1165 964 [0.19073 00} 52z 
gg 26121510. 10,1167026}10.1905811}51 
9.9263778|10 97 10.1168092|/10.19043 14150}. 
19.9266341|10. 10.1169159|10.1902818) 4G} 


11 g.8097182 ).88 30% 


1219.8098678)9-83 29774 10 1170226|10.1901 322148 

9.83287.06 Lot 171294|10.1899828)47 

10.1172362|10.18983 34146 

10.11 73.43 2|L0,1896841145) 
10.1174§01|!0.1895350]44] , 

Sz] 10.1175572|10.1893859) 43 
10.11.70643}10.18923 69142) 


10.11.79715{10.1890879}41} - 
10.1178787 1041889391140 : 
10.1179860|10.1887904}39] 
10,11 8093 3] £O188641713 8) 
10.1182008|10.18849 31137] 
10.1183082|10.1883 446}3 6} 
7:80: 10.1184158]0.1881962135 
26\9.811952119 '9.9304755| 19.0695 245] 110.1185 23,4/10-1880479)34 
12.7198 £2 1003)9* 11 \9.9307314 10.0692686| {10.11.8631 1{£0.1878997)33 
8419-881 2612 9-9309872 10.06901 28] |10.1187388 10018775 16)32 
9.93 12.43 1|10.0687 569} |10.1188466 10.187603 5131 
4 9.9314989 10.068501.1}|10.11895§45]10-1874556)30 


| Sine. |Secant. 


49 Degrees. 
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o 


Tangents, and Secants. 
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3c|9.81 2544419 ©810455 
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9.93201'05]10.0679895 
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19.9355889|1@0644111 
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10.1192786)10.1870122]27 
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ee 


10.1198197|10.1862750;22 
10.1199281|10,18612709}21 
10.1200366) 1001 859808]20 


10.1203625/10.185 5400} 

10.1204.713|10.1853933]16 
10.1205 801/10,1852466}1 5 
10.12068g0|10.1851001}1 4! 
£0.1207979)10.18495 36}13 
10,1209070)10.1848072]1 2 
10,12 10160)}10.1846609} 11 


9.9368659|10.0631341 


9.937121 2]10-0628 788 
9. 9373765|10.0626235 
9.93 76318110.0623682 
9.9378871|10.06211 29 
9.9381423]10.0518577 
19.9383975|10.0616025 
9.93865 27|10.061 3473 
9.9389079|10.0610921 


9.939163 1) 10.0608369 
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10.1213437|10,1842224 
10.1214530|10,1840765 
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17/9.8194012}9.8759036 
1819 .8195450|9.8757927 
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2019.819832519.8755706 


2219.8201 196)9.8753482 
2319.8202630]9.8752369 
2419.820406319.8751256 
25|9.8205496|9.8750142 
26|9.8206927|9-8749027 
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100608369 
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'9:9401835|10:0598165 
9.9404385}10.0595615 


51 '9.9406936}10.0593064) 
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9.9412036|10.0587954 
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'9.9427331 10.057 2669 
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9.9445 166}10.05 54834 
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10.1223300]10.182911 8]: 
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10.1238747 8 O71 45 
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10.125 3205|10.1790212)32 
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10.1270024'10,1 768862] 17 
TOL27EL§ 1110.1767445 16 
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10.1281319:10.1754733 
15,1282462 10.1753324 
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51g 8325009|9.865 1849 
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710 03333843 
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10.133703 1110, 1686680 fe 
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9.835 2088 9.8628274 
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9 9709221/10.0290779 
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10.1383617} 10.163 3891/39 
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10,0219910 
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9.984331 5) 10.01 56685 
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10.14136049 
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10,1428221/10.1584905 
£0.1429439}10,1583 596 


10.1430659]10.158228- 
eg ee | een eo 


Secant, 


A Table of Artificial Sines, 


19|9-844.243 219.85 


'9.9868596 140 O13 1404} 
9.9871123/10.0128377) 
9.987365 *|10,0126349}} 


g. 
6 
9.983628g|10 01 
9.9888316 
9-98913.44 


9.8443725|9 8544799) | 


9.844501 8|9.8543564 


2219.8446310}9 8542329) 


2919845533 2)9- 
Bs 9.845661 89 


10.1 45643610-1554982]25 
10.145 7671|10-15 §309C)3& 


Tang. 
egr CES... 


; Sian and Secants. 


44 Degrees. 


M/ Sine. 

30 7 845 068219 853.2421 
3119-84§7903|9-8531179 
32/9.84.591 8819-85 2993 6) 
3319-84.6047 9 8528693 
3.4/9-846175.19 8527449 
3519 846363019 8526204 
36/9.846431 819-85 24959 
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50/9 848 8482160)9-8507446 
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